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INTRODUCTION 

During  the  first  phase  of  development  of  the  "Fission  Track  Assay  for 
Fissile  Nuclides  in  Tissue",  fundamental  techniques  had  to  be  established  that 
could  later  be  used  to  quantitate  the  presence  of  fissile  nuclides  in  small 
samples  of  biological  tissue  such  as  surgical  and  autopsy  tissue  blocks  or 
biopsy  specimens.  During  Phase  II  results  obtained  during  the  first  phase  had 
to  be  applied  to  actual  small  tissue  samples  and  the  distribution  of  Pu  in 
certain  target  organs  had  to  be  established. 

Since  irradiation  with  thermal  neutrons  produces  a  high  fission  yield 

9  qq  9  3  3  9  q  s 

from  Pu ,  U  and  U,  these  two  elements  had  to  be  separated  prior  to 

neutron  bombardment.  The  main  emphasis  was  directed  toward  quantitation  of 

2  qq  ••211  215- 

Pu.  However,  the  possibility  of  determining  U  and  U  introduced  into 

the  specimen  with  natural  uranium  or  from  manmade  sources  was  required  as 

well. 

Some  groundwork  for  developing  highly  sensitive  fission  track  assays  for 
z  ^Pu  was  done  by  Larsen  and  Oldham  (La75),  who  later  abandoned  that  project 
because  of  interference  by  natural  uranium,  a  ubiquitous  contaminant  even  in 
the  higher  grade  reagents  used.  With  the  present  project,  work  on  that  sub- 
ject  was  resumed,  and  the  basis  for  a  workable  fission  track  assay  of  Pu 
and  235/233^  tissue  was  provided. 


SECTION  2 


PHASE  I:  DEVELOPMENT  OF  THE  FISSION  TRACK  ASSAY 

GOAL 

The  goal  was  to  develop  a  quantitative  assay  for  fissile  Pu  that  could  be 
applied  to  the  analysis  of  soft  and  hard  tissue  blocks.  The  desired  lower 
limit  of  detection  was  less  than  1  fCi ,  At  the  end  of  this  Phase,  the  feasi¬ 
bility  of  the  proposed  assay  had  to  be  demonstrated  and  a  protocol  for  routine 
analysis  had  to  be  available. 

ACHIEVEMENT 

In  spite  of  many  technical  difficulties  arising  primarily  from  contami¬ 
nation  of  the  applied  reagents  with  uranium,  that  task  has  been  successfully- 
completed.  Progress  of  theoretical  and  practical  work  on  Phase  I  has  been 
documented  in  a  summary  report  (Sept.  1984). 

In  addition,  work  performed  during  Phase  I  as  sponsored  by  DNA  resulted 
in  two  publications  in  the  open  literature  (Sm84,  Wi83). 

AREAS  OF  RESEARCH 

The  basic  technique  for  determining  femtogram  quantities  of  fissile 
nuclides  by  fission  track  methods  seems  straightforward.  It  consists  of  the 
chemical  separation  of  the  respective  fissile  nuclides  in  massless  form  (i.e., 
no  measurable  self-absorption),  their  deposition  on  a  suitable  substrate  and 
preparation  of  a  substrate-detector  assembly.  The  assembly  is  then  irradiated 
with  a  known  fluence  of  thermal  neutrons,  followed  by  chemical  etching  of  the 
resulting  tracks  on  the  detector  and  their  quantitation.  In  reality,  this 
procedure  is  very  difficult  to  execute. 

Our  efforts  to  provide  a  workable  method  proceeded  simultaneously  in  four 
different,  but  mutually  dependent,  areas  of  research: 

1.  a  chemical  study  during  which  the  chemical  separation  and  quantitative 
recovery  of  the  fissile  nuclides  in  essentially  massless  form  was 
developed; 

2.  a  technical  study  concerned  with  minimizing  the  background  due  to  the 
ubiquitous  presence  of  uranium  in  the  reagents  used  and  in  the 
environment ; 
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3.  a  technical  study  of  the  preparation  of  source-detector  assemblies;  and 

4.  a  physical  and  engineering  study  of  all  aspects  of  fission  track  detection 
and  quant i tat  ion . 

ISOLATION  OF  NUCLIDES 

Development  of  the  isolation  procedure  was  carried  out  initially  under 
normal  laboratory  conditions,  applying  techniques  of  professional  cleanliness. 
Nanogram  quantities  of  the  nuclides  Pu  and  U  which  could  be  quantitated  con¬ 
veniently  by  scintillation  counting  were  used  in  these  early  experiments.  Two 
methods  were  available  for  the  separation  of  Pu  and  U  from  other  mineral  con¬ 
taminants,  l  iqu  id- 1  iqu  id  extraction  and  ion  exchange  chromatography.  Of  these 
two,  ion  exchange  chromatography  is  clearly  superior  for  the  quantitative 
separation  and  recovery  of  femtogram  quantities  of  the  nuclides  from  bulk 
contaminants  and  from  each  other.  The  method  is  based  on  the  formation  of 
strong,  negatively  charged  ch lorocomp lexe s  of  Pu(IV)  and  U(VI)  at  high  HC1 
concentrat  ions .  Both  elements  are  adsorbed  on  a  strongly  basic  anion  exchange 
resin  while  other  mineral  contaminants  pass  through.  After  washing,  the  Pu 
ch lorocomp lex  is  destroyed  with  HBr  of  density  p  =  1.5  and  the  Pu  is  eluted, 
leaving  U  on  the  column.  Uranium  is  then  eluted  with  0.1  N  HC1.  The  column 
effluent  is  reduced  in  volume  to  a  few  microliters  and  readied  for  transfer  to 
a  suitable  substrate.  A  flow  chart  of  the  separation  is  shown  in  Figure  I. 

Optimum  conditions  with  respect  to  resin  type,  column  size,  acid  concen¬ 
tration,  washing  time,  flow  rate  and  valence  stabilization  were  determined 
experimentally.  The  interference  caused  by  the  presence  of  high  phosphate 
concent  rat  ions--as  introduced  with  skeletal  tissue--was  studied.  Formation  of 
neutra'  or  positively  charged  Pu-phosphate  complexes  which  are  not  adsorbed  by 
the  resin  was  avoided  by  increasing  the  HC1  concentration  during  the  sorption 

process.  The  increase  in  [H+j  converts  phosphate  ions  into  undissociated,  and 

239  233 

therefore  nonreactive,  phosphoric  acid.  Leakage  of  Pu  or  U  during  the 

—  q  . 

sorption  phase  was  2%  or  less.  At  the  level  of  1  x  10  Ci  of  applied 
2 39  233 

activity,  the  Pu  or  U  recovery  was  >  95%.  The  recovery  at  lower  levels 

2  37 

of  activity  was  explored  using  Pu ,  whose  specific  activity  is  approximately 
5  2  39 

2  x  10  times  greater  than  that  of  Pu.  However,  full  use  of  the  higher 

specific  activity  could  not  be  made  because  nt  contamination  of  this  prepara- 
'39 

tion  with  Pu  .  The  recovery  of  Pu  decreased  successively  when  the  number  of 
Pu  atoms  aoplied  was  less  than  1  x  10*  ' ,  as  demonstrated  by  the  data  in 
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Table  1.  A  search  for  a  suitable  isotopic  tracer  to  monitor  the  recovery  of 

O  IQ  . 

Pu  at  levels  below  the  limit  of  detection  through  conventional  chemical 

methods  was  unsuccessful.  However,  Zr(lV)  showed  a  sorption-desorption 

behavior  identical  to  that  of  Pu(lV)  under  the  conditions  applied.  Therefore, 
Q  S 

Zr  has  been  used  until  now  as  a  conditional  tracer  for  Pu  recovery.  The 
9  5 

Zr  obtained  by  the  laboratory  had  been  separated  from  fission  products  and 

tended  to  increase  the  background  in  the  fission  track  analysis.  A  source  of 
88  88 

Zr  prepared  from  Sr  has  been  found,  but  no  purchases  have  yet  been  made 
because  of  the  high  cost.  Figure  2  shows  the  elution  spectra  of  Pu  and  U  and 
corresponding  elution  of  the  conditional  tracer. 


ELUTION  VOLUME 
(  ml.  ) 


Figure  2.  Elution  spectra  of  Pu  and  U  obtained  under  present  experimental 

conditions  of  anion  exchange  chromatography.  For  comparison,  the 
elution  spectrum  of  ^Zr,  which  has  been  proposed  as  a  conditional 
tracer  for  Pu,  also  is  shown. 


Table  1.  Recovery  of  Pu  from  resin.  Influence  of  number  of  Pu  atoms 


APPLIED 


RECOVERY 


Uncapped 

Cappe> 

Resin 

Resin 

4  x  10  atoms 


4  x  10  atoms 


4  x  lCr  atoms 


4  x  10  atoms 


The  possible  mechanisms  leading  to  losses  at  very  small  quantities  of 

239 

Pu  were  investigated  by  extrapolating  theoretically  the  data  obtained 

_Q 

experimentally  at  the  Level  of  approximately  1  x  10  g  of  Pu  to  the  level  of 
1  x  10  g  or  lower.  Mechanisms  of  the  following  reactions  were  studied. 

A)  Disproportionation  reactions  among  Pu  species. 

Since  only  Pu(lV)  forms  a  strong  negatively-charged  chlorocomplex 
that  is  adsorbed  and  retained  by  the  resin,  the  three  principal  reactions 
among  the  various  species  of  uncomplexed  Pu  and  their  corresponding  rate 
equations  have  been  studied: 

1.  Pu(lII)  +  Pu( V)  t  2  Pu(lV) 

2.  Pu(lll)  +  Pu(VI)  t  Pu(lV)  +  Pu(V) 

3.  Pu(lV)  +  Pu(VI)  X  2  Pu ( V) 

An  assessment  of  the  time  scale  for  this  type  of  reaction  can  be  obtained 
by  considering  pure  Pu(lV)  at  t  =  0. 

It  follows  that  the  rate  of  disappearance  of  Pu(lV)  is 

-d-jrVl  =  2  {-K  [IV]2  +  K  [  I T I  ]  [  V  ] }  -  K  [  IV]  [V]  +  K  [  1 1 1  ]  [  VI  ] 


+  K_3[V]  -  KjllVHVl] 


In  this 

equation,  the  Roman  numerals  stand 

for 

the 

Pu 

concentrat ions 

present 

in 

those  valence 

states , 

and  K^,  K 

-i  ( 

i  =  1 

to 

3)  are  the 

respect ive 

rate  constants  for 

the 

forward 

and 

backward 

reactions.  These 

rate  constants  have  the 

f 0 1  lowing 

values. 

K1 

= 

4.4  X  10-2  [ H+ 

] 

K-1 

=  3.0  X 

10~5 

[  H+  ] 

-3 

k2 

= 

2.7 

K_2 

=  3.4 

k3 

= 

1.2.  X  10"7  [H 

+r3 

K_3 

=  2.3  X 

10"3 

[  H+  ] 

For  [ H+] 

= 

10  M,  this  gives: 

K1 

= 

0.44 

K-1 

=  3.0  x 

10'8 

k2 

= 

2.7 

K-2 

=  3.4 

K3 

= 

1.2  X  10-2 

K-3 

=  2.3  X 

10~2 

The  time  to  reach  the  vicinity  of  the  inflection  point,  where  the 
decomposition  of  Pu(lV)  is  greatLy  accelerated,  is  obtained  by  approxi¬ 
mating  the  first  part  of  the  complex  reaction  above  with  the  second  order 
reaction  as  follows: 

2  Pu(lV)  ♦  Pu(Iil)  +  Pu( V) 

d--j-£-~-  -  -2k_1[lV]2 

which  yields 

[IV]  -  [IV]  1 
o 

"  "Tivllivl  '  2iTT 

o  - 1 

The  conclusion  of  this  investigation  was  that,  due  to  the  second  order 
nature  of  the  reactions  among  the  Pu  species,  the  half-life  of  Pu(lV)  is 
proportional  to  the  inverse  of  the  concentration.  For  trace  amounts  on 
the  order  of  10  ^  M  (as  expected  in  our  experiments),  the  half-life  is 
very  long  compared  with  the  few  hours  duration  of  the  experiment.  Thus  an 
appropriate  holding  oxidant  added  to  the  sample  before  application  to  the 
resin  will  provide  the  required  initial  conditions  for  essentially  comp¬ 
lete  oxidation  to  Pu(lV).  Two  oxidants  were  considered,  NaCH  0  and  CH  2 
(gas),  both  of  which  provided  ^  ratios  of  the  order  of  10  ^  to  10  ^ 


>.  V V- 


•“  •' 


V.V'Nj  > 


at  the  concentration  that  was  used.  Of  these  two,  CSL  ^  (gas)  was  chosen 
because  of  the  lower  probability  of  uranium  contamination.  A  more  de¬ 
tailed  treatment  of  A)  was  included  as  an  appendix  to  our  progress  report 
for  the  period  of  1  April  1983  to  30  June  1983  (Sm83) . 

B)  Conditions  leading  to  possible  losses  of  Pu  or  U  during  the  anion  exchange 
separat  ion . 

1.  Resin  capacity  and  adsorption  isotherms. 

Trace  amounts  of  ionic  species  are  considered  to  bind  to  syn¬ 
thetic  ion  exchangers  with  linear  binding  isotherms,  assuming  binding 
to  the  average  site  in  the  resin.  This  linearity  implies  that  the 
distribution  coefficient  for  the  anionic  species  A-  (such  as  the 
ch lorocomp lexes  of  Pu  or  U)  remains  constant  regardless  of  the  tracer 
load.  However,  our  experiments,  summarized  in  Table  1,  have  shown 
decreasing  recoveries  as  the  Pu  load  decreased  below  the  level  of  1  x 
1010  atoms.  The  quoted  assumption  of  linear  binding  isotherms  has 
been  made  only  for  resin  loads  that  are  3  to  3  orders  of  magnitude 
larger  than  applied  in  the  present  case.  We  assumed  that  there  are 
some  adsorption  sites  whose  affinity  for  A  is  higher  than  average 
and  that  their  number  is  insignificantly  small  under  normal  loading 
conditions,  but  becomes  significant  for  the  trace  levels  anticipated 
in  our  experiments.  Since  nothing  is  known  about  the  nature  of  these 
postulated  sites,  we  have  to  make  the  following  assumptions: 

a.  The  high  affinity  site  has  the  same  chemical  properties  as  the 
average  adsorption  site,  but  the  local  concentration  of 
adsorptive  groups  is  much  higher. 

b.  The  relative  order  of  affinities  toward  the  individual  average 
adsorption  site  for  different  ions  is  unchanged  at  the  high 
affinity  site. 

Thus  by  pretreating  the  exchanger  with  an  ionic  species,  i,  known  to 
have  a  distribution  coefficient  larger  than  Dpu  or  Dy  under  elu¬ 
tion  conditions,  one  should  cover  all  of  these  sites.  With  all  of 
the  high  affinity  sites  blocked,  linear  isotherms  should  be  observed 
at  extremely  low  resin  loads. 
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Accordingly,  prior  to  sample  loading,  high  affinity  sites  were 
capped  with  Cd++,  excess  Cd  (bound  to  the  average  site)  was  eluted, 
and  the  previous  recoveries  of  Pu  were  restored,  as  indicated  by 
results  presented  in  Table  1. 

2.  Influence  of  phosphates  on  adsorption  of  Pu  and  U. 

During  loading  of  actual  samples  at  strongly  elevated  HC1  con¬ 
centrations  (12.5  M) ,  phosphates  are  primarily  present  as  H^PO^  or 
H2P®4~  with  the  more  basic  phosphates  present  at  insignificant 
levels.  At  the  level  of  C£ ^  present  in  the  sample,  one  can  assume 
that  all  of  the  Pu  is  present  in  the  Pu(lV)  valence  state.  Even 
under  these  assumptions,  the  number  of  different  Pu  complexes  theo¬ 
retically  can  be  quite  large.  In  view  of  the  relatively  large  column 
capacity,  the  only  mechanism  for  Pu-leakage  should  be  the  formation 
of  uncharged  or  positively  charged  complexes.  In  principal,  the 
fractions  of  such  species  can  be  calculated  for  a  given  set  of 
conditions.  Unfortunately,  a  satisfactory  numerical  analysis 
requires  knowledge  of  the  stability  constants  of  complexes  with 
higher  coordination  numbers  and  these  are  largely  unknown.  However, 
it  can  be  shown  that  the  fraction  of  positive  and  neutral  Pu-species 

is  independent  of  the  initial  concentration  of  Pu .  Accordingly, 
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experimental  results  obtained  at  10  M  concentration  are  also 
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predicted  at  concentrations  of  10  M.  Since  experimental  data 
indicated  that  the  Pu  retention  at  high  HCX  concentration  was  good, 
it  is  implied  that  the  negatively  charged  species  predominate.  Thus 
results  obtained  at  "high"  Pu  concentrations  will  also  hold  at  much 
lower  Pu  values,  provided  the  HGH /phosphate  ratio  remains  high. 

Again,  more  detailed  information  was  given  in  our  progress 
report  for  the  period  of  1  April  1983  to  30  June  1983  (Sm83). 

REDUCTION  OF  BACKGROUND 

a  .  .  2  3  S 

The  buildup  of  natural  uranium,  which  contains  about  0.7%  fissile  JU , 
will  cause  serious  interference  with  the  Pu-fission  track  analysis.  Unlike 
a-spec t rome t r y ,  etched  fission  tracks  provide  no  information  on  the  parent 
nuclide.  Uranium  is  ubiquitously  distributed  through  the  environment,  and 
probably  poses  the  most  serious  threat  to  the  success  of  the  project.  For 


actual  sample  analysis,  the  source  of  contamination  can  be  divided  into  two 
groups : 

a.  Introduction  of  uranium  with  chemical  reagents  or  by  dissolution  from 
laboratory  ware,  especially  glass.  This  type  of  U-accumu 1  at  ion  was 
reduced  by  using  only  very  small  quantities  of  reagent  of  highest  purity 
and  by  using  either  quartz  or  special  plastic  laboratory  ware.  However,  a 
number  of  chemical  reagents  were  not  available  at  the  desired  level  of 
purity.  In  some  cases,  even  the  highest  level  of  purity  (ultra-pure)  did 
not  meet  the  extremely  rigid  requirements  with  respect  to  uranium  contami¬ 
nation,  especially  some  of  the  acids.  In  these  cases,  reagents  were  either 
synthesized  under  clean-room  conditions  or  otherwise  prepared  from  puri¬ 
fied  gaseous  feedstocks  that  had  a  sufficiently  low  level  of  U-contamina- 
tion.  For  example,  hydrobromic  acid  was  ca t a ly t ica l ly  prepared  from  H2 
and  Br2,  Cil-2_gas  was  used  as  a  holding  oxidant,  and  ^0^  gas  together  with 
C>2  was  applied  in  the  oxidation  of  residual  organic  contaminants. 

The  quantity  of  resin  used  for  the  ion  exchange  separation  was 
reduced  from  250  mg  dry  resin  to  125  mg;  therefore,  the  amount  of  reagents 
could  be  reduced  to  about  one  half  the  original  quantity.  A  secondary 
water  purification  system  that  uses  source  water  of  15-i/  megaohm  resis¬ 
tivity  prefiltered  through  a  filter  of  1  pm  pore  size  has  been  added.  The 
source  water  is  passed  again  through  activated  charcoal,  an  additional 
ion-exchange  cartridge  and  a  final  filter  of  0.2  pm  pore  size.  The  final 
resistivity  of  this  water  is  between  19.5  and  20.5  megaohm. 
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b.  All  developmental  w'rk,  especially  the  work  performed  with  Pu  or  U 
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at  levels  of  activity  between  10  and  10  Ci  had  been  done  under  condi¬ 
tions  of  normal  laboratory  practice.  As  work  shifted  to  much  lower  levels 
of  activity,  established  procedures  were  carried  out  in  a  clean-room. 
Contamination  from  airborne  particles  in  the  clean-room  is  minimized  by 
maintaining  positive  pressure  of  air  filtered  through  a  HEPA-system 
(0.5  pm  pore  size,  99.5%  efficiency)  using  a  special,  limited  access  room. 
Personnel  working  in  this  area  are  required  to  wear  a  complete  set  of 
special,  dustfree  clothing  including  shoe-covers,  cap  and  face  mask  and 
non-powdered  gloves.  The  clean-room  is  equipped  with  a  fume  hood  used  for 
chemical  procedures  and  other  work  that  requires  sample  manipulation.  The 
fume  hood  also  houses  a  small  furnace  with  a  quartz-lined  chamber  for 


ashing  of  actual,  tissue  samples.  Final  preparation  steps  of  source- 
detector  assemblies,  such  as  volume  reduction  of  column  effluents  and 
plating  and  drying  of  samples,  are  carried  out  ir  a  secondary  enclosure 
within  the  clean-room  that — with  respect  to  the  room — is  also  under 
positive  pressure  of  air  filtered  through  a  secondary  HEPA-filter  of 
0.2  pm  pore  size.  Incomplete  data  on  the  overall  efficiency  of  the  clean- 
room  indicate  that  conditions  for  maintaining  sufficiently  low  levels  of 
background  are  adequate.  However,  this  is  a  potential  problem  area  which 
will  require  constant  vigilance. 

PREPARATION  OF  SOURCE-DETECTOR  ASSEMBLIES 

After  column  chromatography,  Pu  is  contained  in  approximately  5  ml  of 
concentrated  HBr  and  U  in  the  same  volume  of  0.1  N  HC£ .  Deposition  of  the 
nuclides  on  suitable  substrates  requires  evaporation  of  the  acid  and  wet 
ashing  of  possible  residues  in  strongly  oxidizing  media  to  remove  traces  of 
organic  material.  Oxidation  previously  had  been  carried  out  with  a  mixture  of 
HNO-j  and  HC£0^.  This  has  now  been  replaced  by  low  temperature  ashing  in  a 
stream  of  filtered  O2  and  ^0^  gas.  Insoluble  impurities  would  destroy  the 
uniform  distribution  of  fissile  nuclides  (and  consequently  of  the  fission 
tracks)  on  the  detector,  which  would  make  counting  of  fission  tracks  diffi¬ 
cult.  In  addition,  these  impurities  cause  flaking  which  interferes  with  the 
quantitative  recovery. 

Initially,  two  methods  of  deposition  onto  a  support  base  were  considered: 
electrodeposition  on  Pt-discs  and  manual  transfer  to  polycarbonate  or  quartz 
slides.  Electrodeposition  from  a  d imethy lsu 1 foxide-HCi.  medium  onto  polished 
Pt-discs  was  successful,  but  even  the  highest  purity  Pt  available  produced  too 
high  a  U  background,  and  neutron  activation  of  the  Pt  through  the  ^^Pt  (n,y), 
*9^mpt  anc|  other  reactions  required  Long  cooling  times.  The  preferred  method 
is  to  transfer  the  dissolved  nuclide  directly  onto  polycarbonate  or  quartz 
supports  (slides).  Uniform  dispersion  over  a  well-defined  area  can  be 
achieved  by  slow  evaporation  of  the  droplets  on  support  slides  coated  with  an 
albumin,  gelatin,  or  other  liquid  adsorbing  layer.  A  developed  fission  track 
image  of  a  section  of  such  a  droplet  is  shown  in  Figure  3. 


reactions.  If  low  concentrations  of  fissile  nuclides  in  the  sample  require 
high  neutron  fluences,  the  increasing  number  of  fission  tracks  from  natural 
uranium  and  the  surface  pitmarks  from  (n,  a)  and  neutron  knock-on  produce  a 
background  that  could  strongly  interfere  with  the  quantitation  of  Pu 
originated  fissions  in  the  sample.  Also,  impingement  of  neutrons  damages  the 
detector  surface  such  that  etching  removes  a  certain  thickness,  and  as  a 
result,  the  track  detection  efficiency  is  diminished.  This  removal  is  pro¬ 
portional  to  the  fluence,  and  its  magnitude  is  expressed  by  the  Bulk-Etch  Rate 
in  units  of  ym/min  versus  fluence.  Figure  4  shows  the  experimentally 
determined  Bulk  Etch  Rate  for  the  range  of  10  to  10  n/cm  .  Since  the  Bulk 
Etch  Rate  increases  with  increasing  fluence,  the  etching  time  is  decreased 
from  12  minutes  at  1  x  10l  n/cmz  to  6  minutes  at  5  x  10l  n/cm  . 

Interference  due  to  damage  of  the  surface  by  a - imp ingement  was  minimized  by 
contrast  enhancement  of  the  fission  tracks  with  a  dye.  Simultaneously,  the 
influence  of  the  shallow  surface  damage  was  reduced  considerably  by  wetting 
and  filling  the  pitmarks  with  an  agent  having  a  refractive  index  close  to  that 
of  the  p jlycarbonate  detector  during  viewing.  The  effect  of  this  procedure  on 
fission  track  images  generated  at  increasing  fluences  is  shown  in  Figure  5. 

17  2 

Most  experiments  were  limited  to  neutron  fluences  of  up  to  10  n/cm  but 
17  2* 

fluences  of  3  x  10  n/cm  which  require  17.5  hours  of  irradiation  time  are 
possible.  Higher  fluences  can  be  justified  only  in  exceptional  cases  because 
of  cost  and  background  interference. 

Theoretical  Aspects  and  Practical  Studies  of  Track  Detection 

The  following  subjects  were  studied  regarding  track  detection  and 
quant  i  t  at  ion . 

1.  Review  of  theoretical  aspects  of  fission  track  detection. 

Since,  due  to  the  conservation  of  momentum  two  fragments  per  fission 
are  emitted  in  opposite  directions,  one  fragment  per  fission  produced  from 
a  source  in  which  all  of  the  fissile  atoms  are  at  the  interface  between 
the  source  and  the  detector  will  produce  a  detectable  track.  Such  ideal 
conditions  are  approximated  in  e lectrodepos  ited  sources  of  low  activity. 
Howeve-  ,  for  reasons  given  earlier,  e lectrodepos it  ion  from  actual  column 
effluents  was  not  possible.  Actual  deposits  of  fissile  atoms  are 
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Figure  4.  Dependence  of  the  Bulk  Etch  Rate  on  neutron  fluence.  Bulk  Etch 
Rate  is  a  measure  of  detector  matrix,  destroyed  during  neutron 
irradiation  and  removed  from  the  detector  surface  during  the 
etching  procedure.  The  Etch  Rate  is  expressed  in  pm  removed/min 
of  etching  time. 


approximately  uniformly  distributed  throughout  the  source  matrix,  so  the 
probability  p(x)  that  a  fission  fragment  of  range  R  originating  at  a 
distance  x  below  the  surface  will  cross  the  plane  interface  between  the 
source  matrix  and  the  detector  can  be  expressed  by 

P<e,„ 

where  il  (0,x)  is  the  solid  angle  associated  with  the  fission  fragments 
emitted  from  a  point  at  a  distance  x  from  the  interface,  which  enter  the 
detector  at  angles  equal  to  or  less  than  0,  as  illustrated  by  Figure  6. 


where,  cos  8  -  —  as  shown  in  Figure  6. 

'  w 


The  number  of  theoretically  possible  tracks  NT  registered  per  square 
micron  in  a  detector  with  100%  efficiency  can  then  be  expressed  as 

R 

N  =  N  /  p(x)dx 
T  f  1  v 
o 


2 

where  Wc  is  the  number  of  fissions  induced  per  cubic  micron  originating 
from  any  point  x  <  R. 


b 


gtire  6. 


Geometric  model  used  to  determine  the  probability  that  a  track 
of  range  R  originating  at  a  distance  X  R  below  the  detector 
surface  will  reach  the  detector. 
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The  observed  track  density  Tl)  is  related  to  the  theoretical  N.p  by  th 


equat  ion 


I'D  =  L  N.. 


where  e  is  the  detection  efficiency. 


Substituting  NT  given  by  equation  (6)  into  equation  (71,  the  latt 


becomes 


ID  =  e 


The  quantity  Nr  is  related  to  the  number  of  fissile  atoms  per 


unit  v .  >  i  u  mi  ■ 


n  by  the  expression 


N  =  n  a  T> 


where  is  the  fission  cross-section  of  the  fissile  nuclide  1  >r  thermal 

neutrons,  and  $  is  the  thermal  neutron  fluence  which  is  given  by 

t 

4>  =  /  C  ( t )  d  t 

where  C(t)  is  the  time  dependent  thermal  neutron  flux  at  a  fixed  position 
in  the  reactor. 

Substituting  equation  (9)  into  equation  (8),  the  observed  track 
density  can  be  conveniently  expressed  as 

£0  <fr  R 

TD  =  — -  n  =  kn 


where  k  = 


eo  ,A>  R 


Thus,  the  observed  track  density  is  directly  proportional  t  >  the  nimb.-r  > 
fissile  atoms  per  unit  volume  of  the  sample  matrix.  The  proportionality 
factor  k  which  appears  in  equation  (8)  can  easily  be  determined  by  using 
known  quantities  of  the  nuclide  in  source  matrices  prepared  under  the  same 
conditions  as  the  actual  sample  and  irradiated  with  the  same  neutron 
f 1 uence . 

Human  visual  track  quantitation. 

For  low  track  densities,  quant  i tat  ion  can  be  performed  by  visually 
counting  the  tracks  per  unit  area  using  a  microscope.  A  sufficiently 
large  number  of  fields  hive  to  he  counted  to  obtain  statistically  valid 
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data  to  compensate  for  iioiumi  form  track  density  distribution,  and  tin- 
total  area  must  be  known.  Similarly,  fields  if  known  area  can  be  photo¬ 
graphed,  and  the  number  of  tracks  and  average  track  density  evaluated  from 
the  prints  made  from  these  photographs. 

Instrumental  detection. 

Human  visual  track  count ing  is  labor  intensive.  The  laboratory  is 
equipped  with  a  Quant  imet  (QTM)  720  linage  Analyzer  (Cainbr  i  dge- Tmanco , 
Monsev,  N.Y.),  which  can  be  used  for  automatic  detection  and  counting  of 
etched  fission  tracks.  The  system  includes  an  automatic  scanning  stage 
and  is  linked  to  a  PDP  11/03  minicomputer  (Digital  Equipment  Corp.)  by  way 
ot  high  speed  interfaces,  permitting  feature  analysis  anil  a  statistical 
mil. -sis  of  the  data.  DetaiLs  regarding  the  automatic  fission  track 
■ounting  techniques  have  been  described  in  our  quarterly  report  for  the 
period  of  l  October  1982  -  31  December  1982  (Sm83). 

’.in.-iritv  of  response  using  the  QTM-720. 

It  is  important  to  select  neutron  fluences  that  produce  a  range  of 
ti  irk  densities  which  increases  proportionally  with  the  concentration  of 
:  >•■  •!•;.•  1  i de  in  the  source  matrix.  The  range  of  linearity  was  determined 

t  W  ’  ne  t  hod  S  : 

i.  -roii  detectors  exposed  to  a  mixture  of  fission  fragments  and 

i  pirticles  using  various  exposure  times  and  a  source  of  electro- 

■i  o  i  .  .  . 

tep  'sited  “  ‘‘(If.  No  neutron  irradiation  was  used. 

b.  From  detectors  prepared  by  n  irradiation  of  a  series  of  12  plastic 
wifers  containing  “  ru  concentrations  ranging  from  1  x  10*  to  3  x 
I011  atoms  of  ^ ^Pu/g  of  substrate  at  neutron  fluences  that  ranged 
trom  3  x  1 0  *  ^  to  1  x  1()'^  n/cm^.  Figure  7  shows  the  result  of  one  of 
these  experiments,  corresponding  to  a  fluence  of  5  X  10  ci/cnr.  This 
demonstrates  a  linear  response  of  the  QTM-720  at  average  track  dens  i- 
ties  up  to  3  x  10 1  tracks/mm  .  A  more  convenient  track  density  for 
the  QTM  was  in  the  range  from  100  to  700  tracks/mm". 
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Figure  7. 


The  average  track  density  (tracks/mm2)  as  determined  by 
instrumental  track  counting  with  the  QTM  is  plotted  against 
the  Pu  concentration  of  the  source  matrix.  Linearity  of 
track  detection  efficiency  exists  over  a  concentration 
range  of  at  least  one  order  of  magnitude.  Data  obtained  at 
a  fluence  of  5  X  10  ^  n/cm2. 
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PHASE  II:  COMPARISON  OF  FISSION  TRACK  COUNTING  TECHNIQUES  WITH  STANDARD 

RADIOCHEMICAL  ASSAY  (1  YEAR) 

GOAL 

The  laboratory  began  work  on  Phase  II  of  the  Fission  Track  Project  on  1 
July  1984.  The  goal  of  Phase  II  is:  a)  to  adapt  the  methods  and  procedures 
devised  in  Phase  I  to  the  analysis  of  actual  tissue  specimens;  b)  to  address 
the  potential  problem  of  heterogeneity  of  the  Pu-distribut ion  in  those  organs 
that  are  considered  main  targets  for  future  analysis  ie.,  liver,  lung,  bone 
and  possibly  kidney  and  spleen. 

ACHIEVEMENT.  Present  Status 

Our  experimental  efforts  during  this  phase  have  been  directed  toward 
three  areas:  a)  the  transition  from  single  experiments  to  routine  techniques 
with  well  established  but  rigidly  controlled  protocols;  b)  an  extensive  survey 
of  the  distribution  of  Pu  and  U  in  those  organs  for  which  future  analysis  of 
surgical  or  biopsy  tissue  blocks  is  anticipated;  and  c)  the  processing  of 
actual  tissue  specimens  that  are  likely  to  contain  Pu  and/or  U  embedded  in  an 
inert  tissue  matrix  which  is  neither  well  defined  nor  uniform. 

a.  Adaptation  to  routine  procedures  requires  that  the  sample  can  be  processed 
and  analyzed  for  Pu  and  U  with  a  reasonable  degree  of  reproducibility  and 
accuracy  through  rigid  quality  control  and  dust-free  working  conditions. 
These  requirements  were  easily  met  with  respect  to  chemical  separation, 
preparation  or  procurement  of  ultra-clean  reagents  and  working  conditions 
which  avoid  contamination  of  reagents  and  specimen  with  environmental 
uranium.  Initial  difficulties  in  maintaining  uniformity  in  shape, 
thickness  and  homogeneity  of  the  source-substrate  assemblies  that  must  be 
irradiated  have  been  overcome.  The  fraction  of  unreadable  fission  track 
images  is  now  less  than  2%  of  the  processed  sources.  Thus,  the  method 
presently  applied  is  suitable  for  routine  operations. 

b.  Within  the  body,  Pu  and  U  are  transported  via  the  bloodstream  and  distri¬ 
buted  in  certain  target  organs  in  well  established  proportions.  It  is 
accepted  that  the  final  deposition  after  a  secondary  distribution  is 
independent  of  the  initial  mode  of  entry  into  the  body,  be  it  by  inhala¬ 
tion,  puncture  wound  or  intestinal  absorption  or  by  direct,  introduction 


into  the  blood  stream  by  injection.  Only  the  rates  at  which  deposition  in 
the  target  organ  occurs  are  different,  varying  with  the  route  of  exposure 
and  the  chemical  form  and  inert  matrix  of  the  contaminant.  However,  the 
distribution  within  the  final  target  organ  may  not  be  uniform,  although  it 
is  our  experience  that  the  uniformity  in  the  distribution  increases  as  the 
level  of  radioactivity  decreases.  To  investigate  the  uniformity  of  the 
final  distribution  of  Pu  within  the  target  organs  projected  for  future 
fission  track  analysis,  liver,  kidney,  spleen,  lung  and  bone  specimens 
obtained  from  experiments  with  canines  were  used.  Small  random  samples 
were  taken  as  follows:  5  or  6  specimens  from  each  liver,  4  from  each 
kidney  pair,  spleen  and  lung.  These  tissues  were  analyzed  radiochemi- 
cally;  the  results  were  expressed  as  the  concentration  of  the  nuclide 
found  in  each  random  sample  divided  by  the  average  concentration  of  all 
samples  taken  from  the  same  animal.  Since  the  distribution  may  vary  with 
the  age  at  time  of  exposure  and  with  the  time  after  exposure,  the  survey 
was  performed  on  animals  with  a  human  age  equivalent  of  18  to  23  years  at 
time  of  exposure  and  of  45  years  or  older.  Also,  the  time  after  exposure 
was  varied  from  times  less  than  l  year  to  more  than  10  years.  A  summary 
of  these  data  is  presented  in  Table  2.  Included  in  the  table  are  the 
number  of  organs  analyzed,  the  age  in  months  of  the  experimental  animals 
at  the  time  of  exposure  (for  which  the  human  age  equivalents  are  given 
above),  the  time  from  exposure  to  death  and  the  range  of  concentration 
ratios  of  individual  organ  samples  (C-)  to  the  mean  concentration  in  the 
respective  organ  (C).  A  fractional  standard  deviation  for  all  C./C  values 
of  each  group  was  calculated. 

With  this  survey,  a  sufficiently  large  number  of  specimens  can  be 
used  to  estimate  statistically  the  expected  degree  of  variation  within 
individual  organs.  The  weight  of  individual  tissue  specimens  analyzed 
ranged  from  about  lg  to  2.9g,  somewhat  larger  than  samples  expected  from 
surgical  or  autopsy  tissue  blocks  for  future  fission  track  analysis. 
However,  variations  associated  with  a  future  scaling  down  to  one  fifth  are 
not  expected  to  be  vastly  different.  This  view  is  corroborated  by  the 
results  shown  later  in  this  report. 


Table  2.  Relative  Concentration  of  Pu  in  Various  Organs.  (Concentration  in  individual 
sanples/average  concentration  in  whole  organ). 


Average  Time 

Fractional 

Number 

Average  Age 

from  Exposure 

Standard  Deviation 

of  Organs 

at  Exposure 

to  Death 

for  all 

Analyzed 

(months) 

(months)  Range  of  Ci/C 

Ci/C  Data 

4  ± 

4.6 

(7-363  d) 

114  ± 

22 

46  ± 

9.2 

4  ± 

4.6 

(7-363  d) 

134  ± 

22 

46  ± 

9.2 

4  ± 

4.6 

(7-363  d) 

134  ± 

20 

48  ± 

17 

4  ± 

4.6 

(7-363  d) 

129  ± 

18 

46  ± 

9.2 

Average  age  of  an  18  month  old  beagle  is  equivalent  to  a  human  age  of  18-23  years 

Average  age  of  a  sixty  month  old  beagle  is  equivalent  to  a  hunan  age  of  45  years  or 
more. 


A  similar  survey  was  performed  with  30  Pu-contaminated  skeletons. 

Each  skeletal  member  was  analyzed  and  the  relative  concentration  of  Pu  in 
each  bone  (i.e.,  fractional  activity  of  Pu  in  each  bone  divided  by  its 
respective  fractional  skeletal  mass)  was  calculated.  The  relative  concen¬ 
tration  within  the  skeleton  varied  by  a  factor  of  about  four,  but  the 
difference  among  the  same  bones  was  less  than  0.2.  Bones  most  likely  to 
be  considered  for  tissue  block  fission  track  analysis,  such  as  lumbar 
vertebrae,  humeri,  femora,  ulnae  and  pelves,  were  further  sectioned  into  3 


(for  the  lumbar)  to  8  (for  the  humerus  and  femur)  sections  and  analyzed 
rad iochemica L ly .  Again,  the  relative  concentrations  within  each  set  of 
sections  differed  by  a  factor  of  4.5,  but  the  difference  among  corres¬ 
ponding  sections  was  less  than  2  in  bones  with  a  high  biological  turnover 
rate  and  about  0.3  for  biologically  less  active  bones  such  as  the  ulna. 

For  the  iliac  crest  (pelvis),  proposed  in  the  original  contract  as  the 
most  likely  candidate  for  surgical  biopsy,  the  difference  was  0.35.  Thus, 
as  long  as  specific  bone  sections  are  analyzed  by  the  fission  track 
method,  presently  estimated  variations  due  to  local  differences  in  the 
Pu(U)  concentration  are  well  within  acceptable  limits. 

This  initial  survey  indicates  that  distributional  differences  in  the 
nuclide  concentrations  are  probably  not  an  impediment  to  future  applica¬ 
tion  of  the  fission  track  assay.  However,  a  confirmation  of  these 
estimates  by  the  new  and  much  more  sensitive  fission  track  method  is 
essential  and  is  provided  below. 

Appropriate  steps  have  been  taken  to  conduct  an  actual  comparison  of 
fission  track  determined  concentrations  of  Pu  in  small  tissue  sections 
with  those  determined  by  analysis  of  large  tissue  specimens. 

Three  series  of  experiments  have  been  conducted  to  test  the  reprodu¬ 
cibility  and  accuracy  of  the  assay  with  actual  tissue  samples.  In  the 
first  series,  12  pieces  of  beef  liver  (each  with  about  lg  of  tissue)  were 
taken.  Four  of  these  were  tagged  with  0.1  fCi  and  four  with  1  fCi  of 

o  IQ  .  .  .  . 

J  Pu.  The  specimens  were  dried,  ashed  and  analyzed  by  the  fission  track 
method.  Fission  tracks  obtained  with  the  untagged  liver  sections  were 
subtracted  as  background  from  the  tagged  specimen.  The  recovery  for  0.1 
fCi  sections  was  86.2%  ±  2.8%;  that  for  the  1  fCi  samples  was  88.9%  ±  2.0% 
with  an  overall  recovery  of  87.5%  ±  2.6%.  In  addition,  six  samples  of  Pu- 
tagged  dry  liver  powder  having  a  nominal  activity  of  0.03  pCi  Pu/g  were 
analyzed,  two  by  the  conventional  a-spectrometr ic  method  and  four  by  the 
fission  track  assay.  The  average  activity  determined  by  a -spect romet ry 
was  0.032  pCi/g.  Using  the  NBS  value  of  0.03  pCi/g  as  the  actual  concen¬ 
tration,  the  recovery  by  the  fission  track  method  was  87.2%  ±  3.3%.  These 
results  show  that  accurate  Pu-determinat ions  can  be  made  with  the  fission 
track  method,  provided  the  level  of  exogenous  uranium  contamination  is 
controlled  by  the  use  of  ultrapure  reagents  and  a  clean  environment. 


Since  an  earlier  attempt  to  analyze  small  aliquots  of  HNO^-ashed 
large  tissue  digests  that  had  been  prepared  under  normal  laboratory 
conditions  had  failed  because  of  the  high  content  of  uranium  (see  Progress 
Report  for  the  period  of  1  July  -  31  Sept.  1984),  random  samples  of  gram 
quantities  of  tissue  have  been  taken  before  wet  ashing  from  tissues 
received  by  our  environmental  laboratory.  The  original  store  consisted  of 
212  such  specimens,  with  18  bone  sections,  93  liver,  51  lung,  46  kidney, 
and  4  heart  specimens  for  this  analysis.  A  number  of  these  tissues  have 
been  analyzed  by  the  fission  track  assay  and  compared  with  the  data 
obtained  by  a-spectrometry  on  large  quantities  of  tissue. 

The  Pu-content  of  six  livers  (25  samples  total)  was  determined.  The 
respective  results  are  shown  in  Tables  3  and  4.  Variations  in  Pu  concen¬ 
tration  of  individual  samples  were  no  larger  than  those  observed  in  the 
preparations  shown  in  Table  2.  A  comparison  with  the  Pu  data  obtained  on 
the  same  tissue  by  a-spectrometr ic  analysis  of  the  whole  tissue  (several 
hundred  grams/organ)  showed  good  agreement  between  the  two  methods. 

An  abstract  of  a  scientific  paper  on  this  subject  was  submitted  to  DNA 
and  cleared  for  presentation  at  the  International  Conference  on  Nuclear 
Analytical  Techology  in  Karlsruhe,  Germany  (Br85).  The  presentation  was  given 
to  a  large  audience.  From  ensuing  discussions  it  can  be  concluded  that  there 
is  great  interest  in  application  and  further  development  of  this  method. 
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Table  3.  Fission  track  analysis 

O 

neutrons/cnr). 

of  hunan 

Liver  specimens  (Southern  Utah  -  Fluence  1  x  10^ 

Sample 

Net 

Weight 

Gross 

Tracks 

fCi  Pu 

fCi  Pu  239+240^ 

(g) 

Tracks 

(sample) 

(sanple) 

(g)  X  (fCi/g)  * 

83  S5 

a 

1.24 

1064 

744 

0.632 

0.51 

b 

1.01 

942 

622 

0.528 

0.52 

c 

1.03 

817 

497 

0.422 

0.41 

d 

0.82 

736 

416 

0.353 

0.43  0.46  0.47 

83  S6 

a 

1.32 

1816 

1496 

1.27 

0.98 

b 

0.80 

1333 

1013 

0.86 

1.07 

c 

1.02 

1439 

1119 

0.95 

0.93 

d 

0.88 

1427 

1107 

0.83 

0.94  0.98  1.20 

83  S7 

a 

0.91 

779 

459 

0.39 

0.43 

b 

1.27 

862 

542 

0.46 

0.36 

c 

1.07 

883 

565 

0.48 

0.45 

d 

0.89 

744 

424 

0.36 

0.41 

e 

0.94 

838 

518 

0.44 

0.47  0.42  0.38 

Std  I  fCi 

a 

1164 

(3100  fission) 

b 

1191  = 

38%  efficiency 

c 

1179 

1178 

HKG  Determinat 

ion 

1  BKG  each  with  2  saple  columns  except  for  Last  (83  S7 

c,d,e)  fcbich  had  3  sanple 

columns. 

HKG  =  5  ml  HBr  run  through  column  and  treated 

like  actual  sample. 

83  S3 

(a+b) 

294 

(c+d) 

331 

83  S6 

(a+b) 

327 

(c+d) 

302 

33  S7 

(a+b) 

318 

(c+d+e) 


346 
X=  320 


*239+240^  Qfgan  as  determined  by  a-spectrometry. 
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Table  4 . 


Fission  track  analysis  of  Hunan  liver  speciirens  (Northern  Utah  -  Fluence  5  x  10 
neutrons/cm  ). 


Weight  Gross  Tracks  fCi  Pu  fCi  Pu 
(g)  Tracks  (sanple)  (sanple)  (g) 


Std  1  fCi  a 

5502 

b 

5496  5440  average  =  35.1%  efficiency 

c 

5321 

EKG  Determinations 

One  HKG  each  with 

the  following  groups  of  co l turns. 

+  °Pu  as  determined  by  a-spectroTKtry 


239- 
X  (fC 


SECTION  4 


CONCLUSIONS 


The  basic  problems  associated  with  the  development  of  the  Fission  Track 
Assay  project  have  been  solved.  A  workable  procedure  lias  been  developed  and 
the  feasibility  of  the  method  has  been  demonstrated.  However,  constant  vigi¬ 
lance  with  respect  to  maintaining  acceptable  background  levels  is  in  order. 
Future  work  will  show  if  the  method  can  be  applied  to  the  routine  analysis  of 
actual  tissue  specimens. 


Based  on  the  success  of  the  previous  two  years,  the  principal  investiga¬ 
tor  and  his  coworkers  feel  confident  that  the  practical  applications  of  the 
newly  developed  assay  as  proposed  under  the  mission-oriented  Phase  III  will  be 
equally  successful,  and  will  help  its  funding  agency  fulfill  its  obligation  to 
find  solutions  to  nuclear  fallout  and  exposure  problems  for  both  the  military 


and  civilian  sectors. 


-  -W" -Ws  VV  . 'VV  . 


SECTION  5 


LIST  OF  REFERENCES 

Bruenger ,  F.W. ,  Smith,  J.M. ,  Paschoa,  A.S.  and  Burdett,  R.S.  1985. 
Ultrasensitive  fission  track  assay  for  fissile  Pu  and  U  in  small  tissue 
specimen.  Presented  at  the  International  Conference  on  Nuclear 
Analytical  Technology  held  in  Karlsruhe,  Germany  in  Jure  1985. 

Larsen,  R.P.  and  Oldham,  R.D.  1975.  Anion  exchange  separation  of 
plutonium  in  hydroch lor i c-hydrobromic  acid  media,  Talanta  22:577-580. 

Smith,  J.M. ,  Bruenger,  F.W. ,  Burdett,  R.S.  and  Caldwell,  D.J.  1983. 

Use  of  ^Zr  as  a  tracer  for  plutonium  in  anion  exchange  analyses, 
Quarterly  Report  for  period  1  April  to  30  June  1983,  Contract  No.  DNA 
00 1 -82-C-0 1 00 :  Fission  Track  Assay  for  Fissile  Nuclides  in  Tissue,  17 
pp . ,  8  August  1 983 . 

Smith,  J.M.  and  Bruenger,  F.W.  1984.  Quantitative  assay  for  plutonium 
and  uranium  in  tissue  using  fission  track  detection.  Nucl.  Tracks 
Radiat.  Measure.  8:511-514. 

Williams,  F.B.,  Smith,  J.M.  and  Baerwolf,  R.R.  1984.  Contrast 
enhancement  of  fission  fragment  tracks  for  automatic  counting  by  image 
analyzing  microscopes.  Nucl.  Instr.  Methods  Phys.  Res.  220:585-588. 


DISTRIBUTION  LIST 


DEPARTMENT  OF  DEFENSE 

ARMED  FORCES  RADIOBiOLOGY  RSCH  INST 
ATTN:  DIRECTOR 

ASST  SECY  OF  DEFENSE  PUBLIC  AFFAIRS 
ATTN  PAO 

ASSISTANT  TO  THE  SECRETARY  OF  DEFENSE 
ATTN:  EXECUTIVE  ASSISTANT 

DEFENSE  INTELLIGENCE  AGENCY 
ATTN:  RTS-2B 

DEFENSE  NUCLEAR  AGENCY 

5  CYS  ATTN  GC 
ATTN:  PAO 
ATTN:  STBE 
ATTN:  STRP 

25  CYS  ATTN:  STTI  CA 

DEFENSE  TECHNICAL  INFORMATION  CENTER 

12  CYS  ATTN  DD 

FIELD  COMMAND  DNA  DET  2 

LAWRENCE  LIVERMORE  NATIONAL  LAB 

165  CYS  ATTN:  FC-1 

FIELD  COMMAND  DEFENSE  NUCLEAR  AGENCY 
ATTN:  FCTXE 

INTERSERVICE  NUCLEAR  WEAPONS  SCHOOL 
ATTN:  TTV  3416TH  TTSQ 

DEPARTMENT  OF  THE  ARMY 

ARMY  NUCLEAR  TEST  PERSONNEL  REVIEW 

2  CYS  ATTN:  DAAG  AMR  R  TAGO 

HQ  DEPARTMENT  OF  THE  ARMY 

ATTN:  DASG-PSP-E  MAJ  GARRISON 

PENTAGON  LIBRARY 

ATTN:  ARMY  STUDIES 

U  S  ARMY  CENTER  OF  MILITARY  HISTORY 
ATTN:  DAMH  HSO 

U  S  ARMY  HUMAN  ENGINEERING  LAB 
ATTN:  DIRECTOR 

U  S  ARMY  NUCLEAR  &  CHEMICAL  AGENCY 
ATTN  LIBRARY 


DEPARTMENT  OF  THE  NAVY 

JAMES  CARSON  BRECKINRIDGE  LIB 
ATTN.  LIBRARY  DIV 

MARINE  CORPS  HISTORY  &  MUSEUMS 

2  CYS  ATTN:  CODE  HDH-2 

MERCHANT  MARINE  ACADEMY 

ATTN:  DIR  OF  LIBRARIES 

NAVAL  AVIATION  HISTORY 
ATTN:  LIBRARY 

NAVAL  ELECTRONICS  ENGRG  ACTVY,  PACIFIC 
ATTN:  CODE  250  DOBRYHIM 

NAVAL  HISTORICAL  CENTER 

ATTN:  OPERATIONAL  ARCHIVES  BR 

NAVAL  HOSPITAL  CORPS  SCHOOL 
ATTN:  LIBRARY 

NAVAL  MEDICAL  COMMAND 

ATTN:  ASST  FOR  MED  SURGERY 

NAVAL  OCEANOGRAPHIC  OFFICE 

ATTN:  CODE  025  HISTORIAN 

NAVAL  SCHOOL 

ATTN:  XXXXX 

NAVAL  SURFACE  WEAPONS  CENTER 
ATTN:  LIBRARY 

NAVAL  WEAPONS  CENTER 

ATTN:  CODE  343  FKA6A2  TECH  SVCS 

NAVY  DEPT  LIBRARY 
ATTN:  XXXXX 

OFFICE  OF  THE  JUDGE  ADV  GEN 
ATTN:  CODE  64  3 

U  S  MERCHANT  MARINE  ACADEMY 
ATTN:  XXXXX 

US  NAVAL  AIR  STATION  LIB 
ATTN:  LIBRARY 


DEPARTMENT  OF  THE  AIR  FORCE 


OTHER  GOVERNMENT 


& 

3: 


•  ■O 


I 


ACADEMY  LIBRARY  DFSEL  D 
ATTN:  LIBRARY 

AIR  FORCE  COMMUNICATIONS  COMMAND 
ATTN  HISTORIAN 


DEPARTMENT  OF  HEALTH  &  HUMAN  SVCS 

ATTN:  OFFICE  OF  GENERAL  COUNSEL 

EXEC  OFC  OF  THE  PRESIDENT 
ATTN:  XXXXX 


fe? 


.■v 

% 

w*# 

•  k 


* 

J* 

a 
•  - 

& 


AIR  FORCE  INSTITUTE  OF  TECHNOLOGY 
ATTN:  LIBRARY/AFIT/LDEE 

AIR  FORCE  NUCLEAR  TEST  PERSONNEL  REVIEW 
ATTN:  HQ  USAF/SGES 

AIR  FORCE  WEAPONS  LABORATORY,  AFSC 
ATTN:  SUL 

ANGSC/CDH 

ATTN:  HISTORIAN 

MILITARY  AIRLIFT  COMMAND 
ATTN:  MACOS/XOND 

U  S  AIR  FORCE  OCCUPATIONAL  &  ENV  HEALTH  LAB 
ATTN:  NTPR 

USAF  SCHOOL  OF  AEROSPACE  MEDICINE 
ATTN  USAFSAM/TSKD 

STRUGHOLDAEROMED  LIB 

DEPARTMENT  OF  ENERGY 

DEPARTMENT  OF  ENERGY 

ATTN:  D  RICHMOND 

DEPARTMENT  OF  ENERGY 
2  CYS  ATTN:  R  NUTLEY.  HPD 

HOLMES  &  NARVER,  INC 

ATTN:  JNATDR  MR  GREENE 

UNIVERSITY  OF  CALIFORNIA 

LAWRENCE  LIVERMORE  NATIONAL  LAB 

ATTN  L  53  TECH  INFO  DEPT  LIBRARY 

LOS  ALAMOS  NATIONAL  LABORATORY 


LIBRARY  OF  CONGRESS 


ATTN 
2 CYS  ATTN 
ATTN 


D  COBB  ESS  MSS  D437 
J  M  WILLIAMS 
M  WAL7  ADLC  MS  A 183 


2  CYS  ATTN  REPORT  LIBRARY 

REYNOLDS  ELECTRICAL  AND  ENGR  CO,  INC 
ATTN  CIC 
ATTN  W  BRADY 

SANDIA  NATIONAL  LABORATORIES 
ATTN  CENTRAL  LIBRARY 


ATTN 

ATTN 

ATTN 


LIBRARY  SERVICE  DIVISION 
SCIENCE  &  TECHNOLOGY  DIV 
SERIAL  &  GOVT  PUBLICATION 


NATIONAL  ATOMIC  MUSEUM 
ATTN:  HISTORIAN 

NATIONAL  BUREAU  OF  STANDARDS 
ATTN:  XXXXX 

OCCUPATIONAL  SAFETY  &  HEALTH  ADMIN 
ATTN:  LIBRARY 

OFFICE  OF  HEALTH  &  DISABILITY  (ASPER) 

ATTN.  R COPELAND 

OFFICE  OF  WORKERS  COMPENSATION  PGRM 
ATTN:  R LARSON 

U  S  HOUSE  OF  REPRESENTATIVES 
2  CYS  ATTN:  COMMITTEE  ON  ARMED  SERVICES 

U  S  HOUSE  OF  REPRESENTATIVES 

ATTN:  SUBCOMMITTEE  ON  HEALTH  &  ENVIR 

U  S  SENATE 

ATTN:  COMMITTEE  ON  VETERANS  AFFAIRS 
U  S  SENATE 

ATTN:  COMMITTE  ON  VETERANS  AFFAIRS 

VETERANS  ADMINISTRAION  RO 
ATTN:  DIRECTOR 

VETERANS  ADMINISTRATION 

ATTN:  BOARD  OF  VERTERAN  APPEAL 

VETERANS  ADMINISTRATION  OFC  CENTRAL 

ATTN:  DEPT  VETERANS  BENEFIT  CENTRAL  OFC 
ATTN:  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN  DIRECTOR 


30 


v. 

•-•.v s;--  '.-'s ;-rK v.-v. v_ 


•  V  *  i  ►  •*_  T  * 

A  -A  I  uA 


1 


■cnrr 


wp  c* 


if 


OTHER  GOVERNMENT  (CONTINUED) 

VETERANS  ADMINISTRATION-RO 
ATTN  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN.  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN:  DIRECTOR 

VETERANS  ADMINISTRATION-RO 
ATTN  DIRECTOR 

VETERANS  ADMINISTRATION-RO 
ATTN  DIRECTOR 

VETERANS  ADMINISTRATION-RO 
ATTN:  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN:  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN:  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN:  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN:  DIRECTOR 

VETERANS  ADMINISTRATION-RO 
ATTN:  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN:  DIRECTOR 

VETERANS  ADMINISTRATION-RO 
ATTN  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN  DIRECTOR 


VETERANS  ADMINISTRATION  RO 
ATTN:  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN:  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN:  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN:  DIRECTOR 

VETERANS  ADMINISTRATION-RO 
ATTN:  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN:  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN:  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN:  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN:  DIRECTOR 

VETERANS  ADMINISTRATION-RO 
ATTN:  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN:  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN:  DIRECTOR 

VETERANS  ADMINISTRATION-RO 
ATTN:  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN:  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN:  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN  DIRCTOR 

VETERANS  ADMINISTRATION  RO 
ATTN  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN  DIRECTOR 


VETERANS  ADMINISTRATION  RO 
ATTN  DIRECTOR 


fc 


,  -r. 


dm 


■  „v 


A 


OTHER  GOVERNMENT  (CONTINUED) 

VETERANS  ADMINISTRATION  RO 
ATTN  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN:  DIRECTOR 

VETERANS  ADMINISTRATION- RO 
ATTN:  DIRECTOR 

VETERANS  ADMIN  ISTRATION-RO 
ATTN:  DIRECCTOR 

VETERANS  ADMINISTRATION -RO 
ATTN:  DIRECTOR 

VETERANS  ADM  IN  ISTRATION-RO 
ATTN  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN:  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN  DIRECTOR 

VETERANS  ADMINISTRATION  RO 
ATTN  DIRECTOR 

WHITE  HOUSE  (THE) 

ATTN  DOMESTIC  POLICY  STAFF 

DEPARTMENT  OF  DEFENSE  CONTRACTORS 

KAMAN  TEMPO 

ATTN  DASIAC 

KAMAN  TEMPO 

ATTN  RH  MILLER 

KAMAN  TEMPO 

ATTN  DASIAC 

NATIONAL  ACADEMY  OF  SCIENCES 
ATTN  C ROBINETTE 

PACIFIC  SIERRA  RESEARCH  CORP 

ATTN  H  BRODE,  CHAIRMAN  SAGE 

SCIENCE  APPLICATIONS  INTL  CORP 
ATTN  TECH  LIBRARY 


UTAH,  UNIVERSITY  OF 

ATTN:  A  S  PASCHOA 
ATTN:  C  L  BUCKWELL 
ATTN:  FH  WILLIAMS 
ATTN:  FWBRUENGER 
ATTN:  H  FAIN 
ATTN:  J  M  SMITH 
ATTN:  R  S  BURDET1 

DIRECTORY  OF  OTHER 

ADAMS  STATE  COLLEGE 

ATTN:  GOVT  PUB  LIB 

AKRON  PUBLIC  LIBRARY 

ATTN:  GOVT  PUB  LIB 

ALABAMA,  UNIVERSITY  OF 

ATTN:  REF  DEPT/DOCS 

ALASKA,  UNIVERSITY  OF 

ATTN:  DIRECTOR  OF  LIBRARIES 

ALASKA,  UNIVERSITY  OF 

ATTN:  GOVT  PUB  LIBRARIAN 

ALBANY  PUBLIC  LIBRARY 
ATTN:  LIBRARIAN 

ALEXANDER  CITY  STATE  JR  COLLEGE 
ATTN:  LIBRARIAN 

ALLEGHENY  COLLEGE 

ATTN:  GOVT  DOC  DEPT 

ALLEN  COUNTY  PUBLIC  LIBRARY 
ATTN  LIBRARIAN 

ALTOONA  AREA  PUBLIC  LIBRARY 
ATTN  LIBRARIAN 

ANAHEIM  PUBLIC  LIBRARY 
ATTN  LIBRARIAN 

ANDREWS  LIBRARY 

ATTN  GOVERNMENT  DOCUMENTS 

ANGELO  STATE  UNIVERSITY  LIBRARY 
ATTN:  LIBRARIAN 

ANGELO  IACOBONI  PUB  LIB 
ATTN:  LIBRARIAN 

ANOKA  COUNTY  LIBRARY 
ATTN  LIBRARIAN 

APPALACHIAN  STATE  UNIVERSITY 

ATTN  LIBRARY  DOCUMENTS 

ARIZONA  STATE  UNIVERSITY  LIBRARY 
ATTN  LIBRARIAN 


DIRECTORY  OF  OTHER  (CONTINUED) 

ARIZONA,  UNIVERSITY  OF 

ATTN:  GOV  DOC  DEPT  C  BOWER 

ARKANSAS  COLLEGE  LIBRARY 
ATTN:  LIBRARY 

ARKANSAS  LIBRARY  COMM 
ATTN:  LIBRARY 

ARKANSAS  STATE  UNIVERSITY 
ATTN:  LIBRARY 

ARKANSAS,  UNIVERSITY  OF 

ATTN:  GOVERNMENT  DOCUMENTS  DIV 

ARTHUR  HOPKINS  LIBRARY 
ATTN:  LIBRARIAN 

ATLANTA  PUBLIC  LIBRARY 

ATTN:  IVAN  ALLEN  DEPT 

ATLANTA  UNIVERSITY  CENTER 
ATTN:  LIBRARIAN 

AUBURN  UNIV  AT  MONTGOMERY  LIB  (REGIONAL) 
ATTN:  LIBRARIAN 

B  DAVIS  SCHWARTZ  MEM  LIB 

ATTN:  GOVT  DOC  DEPT 

BANGOR  PUBLIC  LIBRARY 
ATTN:  LIBRARIAN 

BATES  COLLEGE  LIBRARY 
ATTN:  LIBRARIAN 

BAYLOR  UNIVERSITY  LIBRARY 
ATTN:  DOCS  DEPT 

BELOIT  COLLEGE  LIBRARIES 

ATTN:  SERIALS  DOCS  DEPT 

BEMIDJI  STATE  COLLEGE 
ATTN:  LIBRARY 

BENJAMIN  F  FEINBERG  LIBRARY 

ATTN:  GOVERNMENT  DOCUMENTS 

BIERCE  LIBRARY 

ATTN:  GOVERNMENT  DOCUMENTS 

BOSTON  PUBLIC  LIBRARY  (REGIONAL  DEP) 

ATTN:  DOCUMENTS  DEPARTMENT 

BOWDOIN  COLLEGE 

ATTN  LIBRARIAN 

BOWLING  GREEN  STATE  UNIV 

ATTN  LIB  GOVT  DOCS  SERVICES 


BRADLEY  UNIVERSITY 

ATTN:  GOVT  PUBLICATION  LIBRARIAN 

BRANDEIS  UNIVERSITY  LIB 

ATTN:  DOCUMENTS  SECTION 

BROOKHAVEN  NATIONAL  LABORATORY 
ATTN:  TECHNICAL  LIBRARY 

BROOKLYN  COLLEGE 

ATTN:  DOCUMENTS  DIVISION 

BROWARD  COUNTY  MAIN  LIBRARY 

ATTN:  GOVERNMENT  DOCUMENTS 

BROWN  UNIVERSITY 

ATTN:  LIBRARIAN 

BUCKNELL  UNIVERSITY 

ATTN:  REFERENCE  DEPT 

BUFFALO  &  ERIE  CO  PUB  LIB 
ATTN:  LIBRARIAN 

BURLINGTON  LIBRARY 

ATTN:  LIBRARIAN 

CALIFORNIA  AT  FRESNO  STATE  UNIV  LIB 
ATTN:  LIBRARY 

CALIFORNIA  AT  SAN  DIEGO  UNIVERSITY 

ATTN:  DOCUMENTS  DEPARTMENT 

CALIFORNIA  AT  STANISLAVS  ST  CLG  LIB 
ATTN:  LIBRARY 

CALIFORNIA  ST  POLYTECHNIC  UNIV  LIB 
ATTN:  LIBRARIAN 

CALIFORNIA  ST  UNIV  AT  NORTHRIDGE 
ATTN:  GOV  DOC 

CALIFORNIA  STATE  LIBRARY  (REGIONAL) 

ATTN:  LIBRARIAN 

CALIFORNIA  STATE  UNIV  AT  LONG  BEACH 
ATTN:  LIBRARY-GOVT  PUBS 

CALIFORNIA  STATE  UNIVERSITY 
ATTN:  LIBRARIAN 

CALIFORNIA  STATE  UNIVERSITY 
ATTN:  LIBRARIAN 

CALIFORNIA  UNIV  LIBRARY 

ATTN:  GOVT  PUBLICATIONS  DEPT 

CALIFORNIA  UNIV  LIBRARY 
ATTN  LIBRARIAN 


DIRECTORY  OF  OTHER  (CONTINUED) 

CALIFORNIA  UNIVERSITY  LIBRARY 

ATTN:  GOVT  DOCUMENTS  DEPT 

CALIFORNIA  UNIVERSITY  LIBRARY 
ATTN:  DOCUMENTS  SEC 

CALIFORNIA,  UNIVERSITY 

ATTN:  GOVT  DOCUMENTS  DEPT 

CALVIN  COLLEGE  LIBRARY 
ATTN:  LIBRARIAN 

CALVIN  T  RYAN  LIBRARY 

ATTN:  GOVT  DOCUMENTS  DEPT 

CARLETON  COLLEGE  LIBRARY 
ATTN:  LIBRARIAN 

CARNEGIE  LIBRARY  OF  PITTSBURGH 
ATTN:  LIBRARIAN 

CARNEGIE  MELLON  UNIVERSITY 
ATTN:  DIR  OF  LIBRARIES 

CARSON  REGIONAL  LIBRARY 

ATTN:  GOVT  PUBLICATIONS  UNIT 

CASE  WESTERN  RESERVE  UNIVERSITY 
ATTN:  LIBRARIAN 

CENTRAL  FLORIDA  UNIV  OF 

ATTN:  LIBRARY  DOCS  DEPT 

CENTRAL  MICHIGAN  UNIVERSITY 

ATTN:  LIB  DOCUMENTS  SECTION 

CENTRAL  MISSOURI  STATE  UNIV 

ATTN:  GOVERNMENT  DOCUMENTS 

CENTRAL  STATE  UNIVERSITY 

ATTN:  LIBRARY  DOCUMENTS  DEPT 

CENTRAL  WASHINGTON  UNIVERSITY 

ATTN:  LIBRARY  DOCS  SECTION 

CENTRAL  WYOMING  COLLEGE  LIBRARY 
ATTN:  LIBRARIAN 

CHARLESTON  COUNTY  LIBRARY 
ATTN  LIBRARIAN 

CHARLOTTE  &  MECHLENBURG  COUNTY  PUB  LIB 
ATTN  ECORRELL 

CHATTANOOGA  HAMILTON  CO 
ATTN  LIBRARIAN 

CHICAGO  PUBLIC  LIBRARY 

ATTN  GOVTS  PUBLICATIONS  DEPT 


CHICAGO  STATE  UNIVERSITY  OF 
ATTN:  LIBRARIAN 

CHICAGO  UNIVERSITY  LIBRARY 

ATTN:  DIRECTOR  OF  LIBRARIES 
ATTN:  DOCUMENTS  PROCESSING 

CINCINNATI  UNIVERSITY  LIBRARY 
ATTN:  LIBRARIAN 

CLAREMONT  COLLEGES  LIBS 

ATTN:  DOC  COLLECTION 

CLEMSON  UNIVERSITY 

ATTN:  DIRECTOR  OF  LIBRARIES 

CLEVELAND  PUBLIC  LIBRARY 

ATTN:  DOCUMENTS  COLLECTION 

CLEVELAND  STATE  UNIV  LIB 
ATTN:  LIBRARIAN 

COE  LIBRARY 

ATTN:  DOCUMENTS  DIVISION 

COLGATE  UNIV  LIBRARY 

ATTN:  REFERENCE  LIBRARY 

COLORADO  STATE  UNIV  LIBS 
ATTN:  LIBRARIAN 

COLORADO,  UNIVERSITY  LIBRARIES 

ATTN:  DIRECTOR  OF  LIBRARIES 

COLUMBIA  UNIVERSITY  LIBRARY 

ATTN:  DOCS  SERVICE  CENTER 

COLUMBUS  &  FRANKLIN  CTY  PUBLIC  LIB 
ATTN:  GEN  REK  DIV 

COMPTON  LIBRARY 

ATTN:  LIBRARIAN 

CONNECTICUT  STATE  LIBRARY  (REGIONAL) 
ATTN:  LIBRARIAN 

CONNECTICUT  UNIVERSITY  OF 

ATTN:  GOVT  OF  CONNECTICUT 

CONNECTICUT,  UNIVERSITY 

ATTN:  DIRECTOR  OF  LIBRARIES 

CORNELL  UNIVERSITY  LIB 
ATTN:  LIBRARIAN 

CORPUS  CHRISTI  STATE  UNIVERSITY  LIB 
ATTN:  LIBRARIAN 

CSIA  LIBRARY 

ATTN:  LIBRARIAN 


DIRECTORY  OF  OTHER  (CONTINUED) 


DETROIT  PUBLIC  LIBRARY 
ATTN:  LIBRARIAN 


CULVER  CITY  LIBRARY 

ATTN:  LIBRARIAN 

CURRY  COLLEGE  LIBRARY 
ATTN:  LIBRARIAN 

DALLAS  COUNTY  PUBLIC  LIBRARY 
ATTN:  LIBRARIAN 

DALLAS  PUBLIC  LIBRARY 
ATTN:  LIBRARIAN 

DALTON  JR  COLLEGE  LI8RARY 
ATTN:  LIBRARIAN 

DARTMOUTH  COLLEGE 

ATTN:  LIBRARIAN 

DAVENPORT  PUBLIC  LIBRARY 
ATTN:  LIBRARIAN 

DAVIDSON  COLLEGE 

ATTN:  LIBRARIAN 

DAYTON  &  MONTGOMERY  CITY  PUB  LIB 
ATTN:  LIBRARIAN 

DAYTON  UNIVERSITY  OF 
ATTN:  LIBRARIAN 

DECATUR  PUBLIC  LIBRARY 
ATTN:  LIBRARIAN 

DEKALB  COMM  COLL  SO  CPUS 
ATTN:  LIBRARIAN 

DELAWARE  PAUW  UNIVERSITY 
ATTN:  LIBRARIAN 

DELAWARE  UNIVERSITY  OF 
ATTN:  LIBRARIAN 

DELTA  COLLEGE  LIBRARY 
ATTN:  LIBRARIAN 

DELTA  STATE  UNIVERSITY 
ATTN:  LIBRARIAN 

DENISON  UNIV  LIBRARY 
ATTN:  LIBRARIAN 

DENVER  PUBLIC  LIBRARY  (REGIONAL) 
ATTN:  DOCUMENTS  DIV 

DEPT  OF  LIB  &  ARCHIVES  (REGIONAL) 
ATTN:  LIBRARIAN 


DICKINSON  STATE  COLLEGE 
ATTN:  LIBRARIAN 

DRAKE  MEMORIAL  LEARNING  RESOURCE  CTR 
ATTN:  LIBRARIAN 

DRAKE  UNIVERSITY 

ATTN:  COWLES  LIBRARY 

DREW  UNIVERSITY 

ATTN:  LIBRARIAN 

DUKE  UNIVERSITY 

ATTN:  PUBLIC  DOCS  DEPT 

DULUTH  PUBLIC  LIBRARY 

ATTN:  DOCUMENTS  SECTION 

EARLHAM  COLLEGE 

ATTN:  GOVT  DOC  DEPT 

EAST  CAROLINA  UNIVERSITY 

ATTN:  LIBRARY  DOCS  DEPT 

EAST  CENTRAL  UNIVERSITY 
ATTN:  LIBRARIAN 

EAST  ISLIP  PUBLIC  LIBRARY 
ATTN:  LIBRARIAN 

EAST  ORANGE  PUBLIC  LIB 
ATTN:  LIBRARIAN 

EAST  TENNESSEE  STATE  UNIV  SHERROD  LIB 
ATTN:  DOCUMENTS  DEPT 

EAST  TEXAS  STATE  UNIVERSITY 
ATTN:  LIBRARY 

EASTERN  BRANCH 

ATTN:  LIBRARIAN 

EASTERN  ILLINOIS  UNIVERSITY 
ATTN:  LIBRARIAN 

EASTERN  KENTUCKY  UNIVERSITY 
ATTN:  LIBRARIAN 

EASTERN  MICHIGAN  UNIVERSITY  LIB 
ATTN:  DOCUMENTS  LIBN 

EASTERN  MONTANA  COLLEGE  LIBRARY 

ATTN:  DOCUMENTS  DEPARTMENT 

EASTERN  NEW  MEXICO  UNIV 
ATTN:  LIBRARIAN 
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DIRECTORY  OF  OTHER  (CONTINUED) 

EASTERN  OREGON  COLLEGE  LIBRARY 
ATTN:  LIBRARIAN 

EASTERN  WASHINGTON  UNIV 
ATTN:  LIBRARIAN 

EL  PASO  PUBLIC  LIBRARY 

ATTN:  DOCS  &  GENEOLOGY  DEPT 

ELKO  COUNTY  LIBRARY 

ATTN:  LIBRARIAN 

ELMIRE  COLLEGE 

ATTN:  LIBRARIAN 

ELON  COLLEGE  LIBRARY 
ATTN:  LIBRARIAN 

ENOCH  PRATT  FREE  LIBRARY 

ATTN:  DOCUMENTS  OFFICE 

ENORY  UNIVERSITY 

ATTN:  LIBRARIAN 

EVANSVILLE  &  VANDERBURGH  COUNTY  PUB  LIB 
ATTN:  LIBRARIAN 

EVERETT  PUBLIC  LIBRARY 
ATTN:  LIBRARIAN 

FAIRLEIGH  DICKINSON  UNIV 

ATTN:  DEPOSITORY  DEPT 

FLORIDA  A  &  M  UNIV 

ATTN:  LIBRARIAN 

FLORIDA  ATLANTIC  UNIV  LIB 

ATTN:  DIV  OF  PUBLIC  DOCUMENTS 

FLORIDA  INSTITUTE  OF  TECH  LIB 

ATTN:  FED  DOCUMENTS  DEPT 

FLORIDA  INTL  UNIV  LIBRARY 
ATTN:  DLCS  SECTION 

FLORIDA  STATE  LIBRARY 

ATTN:  DOCUMENTS  SECTION 

FLORIDA  STATE  UNIVERSITY 

ATTN:  DOCUMENTS  DEPARTMENT 

FOND  DU  LAC  PUBLIC  LIB 
ATTN:  LIBRARIAN 

FORT  HAYS  STATE  UNIVERSITY 
ATTN:  LIBRARIAN 

FORT  WORTH  PUBLIC  LIBRARY 
ATTN:  LIBRARIAN 


FREE  PUB  LIB  OF  ELIZABETH 
ATTN:  LIBRARIAN 

FREE  PUBLIC  LIBRARY 

ATTN:  LIBRARIAN 

FREEPORT  PUBLIC  LIBRARY 
ATTN:  LIBRARIAN 

FRESNO  COUNTY  FREE  LIBRARY 
ATTN:  LIBRARIAN 

GADSDEN  PUBLIC  LIBRARY 
ATTN:  LIBRARIAN 

GARDEN  PUBLIC  LIBRARY 
ATTN:  LIBRARIAN 

GARDNER  WEBB  CLGE 

ATTN:  DOCUMENTS  LIBRN 

GARY  PUBLIC  LIBRARY 

ATTN:  LIBRARIAN 

GEORGETOWN  UNIV  LIBRARY 

ATTN:  GOVT  DOCS  ROOM 

GEORGIA  INST  OF  TECH 

ATTN:  LIBRARIAN 

GEORGIA  SOUTHERN  COLLEGE 
ATTN:  LIBRARIAN 

GEORGIA  SOUTHWESTERN  COLLEGE 
ATTN:  DIR  OF  LIBRARIES 

GEORGIA  STATE  UNIV  LIB 
ATTN:  LIBRARIAN 

GEORGIA,  UNIVERSITY  OF 

ATTN:  DIR  OF  LIBRARIES  REGIONAL 

GLASSBORO  STATE  COLLEGE 
ATTN:  LIBRARIAN 

GLEESON  LIBRARY 

ATTN:  LIBRARIAN 

GOVERNMENT  PUBLICATIONS  LIBRARY-M 

ATTN:  DIR  OF  LIBRARIES  REGIONAL 

GRACELAND  COLLEGE 

ATTN:  LIBRARIAN 

GRAND  FORKS  PUBLIC  CITY-COUNTY  LIBRARY 
ATTN:  LIBRARIAN 

GRAND  RAPIDS  PUBLIC  LIBRARY 

ATTN:  DIRECTOR  OF  LIBRARIES 
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DIRECTORY  OF  OTHER  (CONTINUED) 

GREENVILLE  COUNTY  LIBRARY 
ATTN:  LIBRARIAN 

GUAM  RFK  MEMORIAL  UNIVERSITY  LIB 

ATTN:  FED  DEPOSITORY  COLLECTION 

GUAM,  UNIVERSITY  OF 

ATTN:  LIBRARIAN 

GUSTAVUS  ADOLPHUS  COLLEGE 
ATTN.  LIBRARY 

HARDIN-SIMMONS  UNIVERSITY  LIBRARY 
ATTN:  LIBRARIAN 

HARTFORD  PUBLIC  LIBRARY 
ATTN:  LIBRARIAN 

HARVARD  COLLEGE  LIBRARY 

ATTN:  DIRECTOR  OF  LIBRARIES 

HAWAII  LIBRARY  UNIV  OF 

ATTN:  GOVT  DOCS  COLLECTION 

HAWAII  STATE  LIBRARY 

ATTN:  FED  DOCUMENTS  UNIT 

HAWAII.  UNIVERSITY  AT  MONOA 

ATTN:  DIR  OF  LIBRARIES  REGIONAL 

HAYDON  BURNS  LIBRARY 
ATTN:  LIBRARIAN 

HENRY  FORD  COMM  COLLEGE  LIB 
ATTN:  LIBRARIAN 

HERBERT  H  LEHMAN  COLLEGE 

ATTN:  LIBRARY  DOCUMENTS  DIV 

HOFSTRA  UNIV  LIBRARY 

ATTN:  DOCUMENTS  DEPT 

HOLLINS  COLLEGE 

ATTN:  LIBRARIAN 

HOOVER  INSTITUTION 

ATTN:  J  BINGHAM 

HOPKINSVILLE  COMM  COLL 
ATTN:  LIBRARIAN 

HOUSTON  LIBRARYS  UNIVERISTY  OF 
ATTN:  DOCUMENTS  DIV 

HOUSTON  PUBLIC  LIBRARY 
ATTN  LIBRARIAN 

HOYT  PUBLIC  LIBRARY 

ATTN:  LIBRARIAN 


HUMBOLDT  STATE  COLLEGE  LIBRARY 

ATTN:  DOCUMENTS  DEPARTMENT 

HUNTINGTON  PARK  LIBRARY 
ATTN:  LIBRARIAN 

HUTCHINSON  PUBLIC  LIBRARY 
ATTN  XXXXX 

IDAHO  PUBLIC  LIB  &  INFO  CENTER 
ATTN  LIBRARIAN 

IDAHO  STATE  LIBRARY 

ATTN  LIBRARIAN 

IDAHO  STATE  UNIVERSITY  LIBRARY 

ATTN  DOCUMENTS  DEPARTMENT 

IDAHO,  UNIVERSITY  OF 

ATTN  DIR  OF  LIBRARIES  REGIONAL 
ATTN:  DOCUMENTS  SECT 

ILLINOIS  LIBRARY  UNIVERSITY  OF 

ATTN:  DOCUMENTS  SECTION 

ILLINOIS  STATE  LIBRARY  (REGIONAL) 

ATTN:  GOVT  DOCUMENTS  BRANCH 

ILLINOIS  UNIV  AT  URBANA  CHAMPAIGN 
ATTN:  P  WATSON  DOCS  LIBRARY 

ILLINOIS  VALLEY  COMM  COLL 
ATTN:  LIBRARY 

INDIANA  STATE  LIBRARY  (REGIONAL) 

ATTN:  SERIAL  SECTION 

INDIANA  STATE  UNIVERSITY 

ATTN:  DOCUMENTS  LIBRARIES 

INDIANA  UNIVERSITY  LIBRARY 

ATTN:  DOCUMENTS  DEPARTMENT 

INDIANAPOLIS  MARION  CYT  PUB  LIBRARY 
ATTN:  SOCIAL  SCIENCE  DIV 

IOWA  STATE  UNIVERSTIY  LIBRARY 

ATTN:  GOVT  DOCUMENTS  DEPT 

IOWA  UNIVERSITY  LIBRARY 

ATTN:  GOVT  DOCUMENTS  DEPT 

IRWIN  LIBRARY 

ATTN:  LIBRARIAN 

ISAAC  DELCHDO  COLLEGE 
ATTN:  LIBRARIAN 

JAMES  MADISON  UNIVERSITY 
ATTN:  LIBRARIAN 
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DIRECTORY  OF  OTHER  (CONTINUED) 


vf  '*v  wv  r.'  r' 


IT* 


JEFFERSON  COUNTY  PUBLIC  LIB 
ATTN:  LIBRARIAN 


JERSEY  CITY  STATE  COLLEGE 
ATTN  LIBRARIAN 


JOHN  HOPKINS  UNIVERSITY 

ATTN:  DOCUMENTS  LIBRARY 


JOHN  J  WRIGHT  LIBRARY 
ATTN  LIBRARIAN 


JOHNSON  FREE  PUBLIC  LIB 
ATTN  LIBRARIAN 


KAHULUI  LIBRARY 

ATTN  LIBRARIAN 


KALAMAZOO  PUBLIC  LIBRARY 
ATTN  LIBRARIAN 


KANSAS  CITY  PUBLIC  LIBRARY 
ATTN  DOCUMENTS  OIV 


KANSAS  STATE  LIBRARY 
ATTN  LIBRARIAN 


KANSAS  STATE  UNIV  LIBRARY 

ATTN  DOCUMENTS  DEPT 


KANSAS.  UNIVERSITY  OF 

ATTN  DIR  OF  LIBRARIES  REGIONAL 


KENT  STATE  UNIVERSITY  LIBRARY 
ATTN  DOCUMENTS  DIV 


KENTUCKY  DEPT  OF  LIBRARY  &  ARCHIVES 
ATTN  DOCUMENTS  SECTION 


KENTUCKY,  UNIVERSITY  OF 

ATTN  DIR  OF  LIBRARIES  REGIONAL 
ATTN:  GOVS  PUBLICATION  DEPT 


KENYON  COLLEGE  LIBRARY 
ATTN  LIBRARIAN 


LAKE  FOREST  COLLEGE 

ATTN:  LIBRARIAN 


LAKE  SUMTER  COMM  COLL  LIB 
ATTN  LIBRARIAN 


LAKELAND  PUBLIC  LIBRARY 
ATTN  LIBRARIAN 


LANCASTER  REGIONAL  LIBRARY 
ATTN  LIBRARIAN 


LAWRENCE  UNIVERSITY 

ATTN  DOCUMENTS  DEPT 
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LEE  LIBRARY 

ATTN:  DOCS  &  MAP  SECTION 


LIBRARY  &  STATUTORY  DISTRIBUTION  &  SVC 
2  CYS  ATTN:  LIBRARIAN 


LITTLE  ROCK  PUBLIC  LIBRARY 
ATTN  LIBRARIAN 


LONG  BEACH  PUBL  LIBRARY 
ATTN  LIBRARIAN 


LOS  ANGELES  PUBLIC  LIBRARY 

ATTN:  SERIALS  DIV  U  S  DOCS 


LOUISIANA  STATE  UNIVERSITY 

ATTN:  DIR  OF  LIBRARIES  REGIONAL 
ATTN:  GOVERUMENT  DOC  DEPT 


LOUISVILLE  FREE  PUB  LIB 
ATTN:  LIBRARIAN 


LOUISVILLE  UNIV  LIBRARY 
ATTN:  LIBRARIAN 


LYNDON  B  JOHNSON  SCH  OF  PUB  AFFAIRS  LIB 
ATTN:  LIBRARIAN 


MAINE  MARITIME  ACADEMY 
ATTN:  LIBRARIAN 


MAINE  UNIVERSITY  AT  ORENO 
ATTN:  GOVT  DOC  DEPT 


MAINE  UNIVERSITY.  OF 

ATTN:  LIBRARIAN 


MANCHESTER  CITY  LIBRARY 
ATTN:  LIBRARIAN 


MANKATO  STATE  COLLEGE 

ATTN:  GOVT  PUBLICATIONS 


MANTOR  LIBRARY 

ATTN:  DIR  OF  LIBRARIES 


MARATHON  COUNTY  PUBLIC  LIBRARY 
ATTN:  LIBRARIAN 


MARSHALL  BROOKS  LIBRARY 
ATTN:  LIBRARIAN 


MARYLAND  UNIVERSITY  OF 

ATTN:  MCKELDIN  LIBR  DOCS  DIV 


MARYLAND  UNIVERSITY  OF 
ATTN:  LIBRARIAN 


MASSACHUSETTS  UNIV  OF 

ATTN:  GOVT  DOCS  COLLEGE 


DIRECTORY  OF  OTHER  (CONTINUED) 

MCNEESE  STATE  UNIV 

ATTN:  LIBRARIAN 

MEMPHIS  SHELBY  COUNTY  PUB  LIB  &  INFO  CTR 
ATTN  LIBRARIAN 

MEMPHIS  STATE  UNIVERSITY 
ATTN:  LIBRARIAN 

MERCER  UNIVERSITY 

ATTN:  LIBRARIAN 

MESA  COUNTY  PUBLIC  LIBRARY 
ATTN:  LIBRARIAN 

MIAMI  LIBRARY  UNIVERSITY  OF 

ATTN:  GOVT  PUBLICATIONS 

MIAMI  PUBLIC  LIBRARY 

ATTN  DOCS  DIVISION 

MIAMI  UNIV  LIBRARY 

ATTN:  DOCS  DEPT 

MICHEL  ORRADRE  LIBRARY 
ATTN:  DOCS  DIV 

MICHIGAN  STATE  LIBRARY 
ATTN:  LIBRARIAN 

MICHIGAN  STATE  UNIVERSITY  LIBRARY 
ATTN  LIBRARIAN 

MICHIGAN  TECH  UNIVERSITY 

ATTN:  LIBRARY  OOCS  DEPT 

MICHIGAN  UNIVERSITY  OF 

ATTN:  ACQ  SEC  DOCUMENTS  UNIT 

MIDDLEBURY  COLLEGE  LIBRARY 
ATTN:  LIBRARIAN 

MILLERSVILLE  STATE  COLL 
ATTN:  LIBRARIAN 

MILNE  LIBRARY 

ATTN:  DOCS  LIBRN 

MILWAUKEE  PUBL  LIBR 

ATTN:  LIBRARIAN 

MINNEAPOLIS  PUBLIC  LIB 

ATTN:  GOVERNMENT  DOCUMENTS 

MINNESOTA  DIV  OF  EMERGENCY  SVCS 
ATTN:  LIBRARIAN 


MINOT  STATE  COLLEGE 

ATTN:  LIBRARIAN 

MISSISSIPPI  STATE  UNIVERSITY 
ATTN:  LIBRARIAN 

MISSISSIPPI,  UNIVERSITY  OF 

ATTN:  DIRECTOR  OF  LIBRARIES 

MISSOURI  UNIV  AT  KANSAS  CITY  GEN 
ATTN:  LIBRARIAN 

MISSOURI,  UNIVERSITY  LIBRARY 

ATTN:  GOVERNMENT  DOCUMENTS 

MIT  LIBRARIES 

ATTN:  LIBRARIAN 

MOBILE  PUBLIC  LIBRARY 

ATTN:  GOVTMNTL  INFO  DIV 

MOFFETT  LIBRARY 

ATTN:  LIBRARIAN 

MONTANA  STATE  LIBRARY 
ATTN:  LIBRARIAN 

MONTANA  STATE  UNIVERSITY  LIB 
ATTN:  LIBRARIAN 

MONTANA,  UNIVERSITY  OF 

ATTN:  DOCUMENTS  DIV  REGIONAL 

MORHEAD  STATE  COLLEGE 
ATTN:  LIBRARY 

MT  PROSPECT  PUBLIC  LIB 
ATTN:  LIBRARIAN 

MURRAY  STATE  UNIV  LIB 
ATTN:  LIBRARY 

NASSAU  LIBRARY  SYSTEM 
ATTN:  LIBRARIAN 

NATRONA  COUNTY  PUBLIC  LIBRARY 
ATTN:  LIBRARIAN 

NEBRASKA  LIBRARY  COMM 
ATTN:  LIBRARIAN 

NEBRASKA  OMAHA  UNIV  OF 
ATTN:  LIBRARIAN 

NEBRASKA  UNIVERSITY  LIB 

ATTN:  ACQUISITIONS  DEPT 

NEBRASKA  WESTERN  COLLEGE  LIBRARY 
ATTN:  LIBRARIAN 


DIRECTORY  OF  OTHER  (CONTINUED) 

NEBRASKA,  UNIVERSITY 

ATTN:  DIR  OF  LIBRARIES  REGIONAL 

NEVADA  LIBRARY  UNIVOF 

ATTN:  GOVERNMENTS  PUBL  DEPT 

NEVADA,  UNIVERSITY  AT  LAS  VEGAS 

ATTN:  DIRECTOR  OF  LIBRARIES 

NEW  HAMPSIRE  UNIVERSITY  LIB 
ATTN:  LIBRARIAN 

NEW  HANOVER  COUNTY  PUBLIC  LIBRARY 
ATTN:  LIBRARIAN 

NEW  MEXICO  STATE  LIBRARY 
ATTN:  LIBRARIAN 

NEW  MEXICO  STATE  UNIVERSITY 

ATTN:  LIBR  DOCUMENTS  DIV 

NEW  MEXICO,  UNIVERSITY  OF 

ATTN:  DIR  OF  LIBRARIES  REGIONAL 

NEW  ORLEANS  LIBRARY  UNIVERSITY 
ATTN:  GOVT  DOCUMENTS  DIV 

NEW  ORLEANS  PUBLIC  LIB 
ATTN:  LIBRARIAN 

NEW  YORK  PUBLIC  LIBRARY 
ATTN:  LIBRARIAN 

NEW  YORK  STATE  LIBRARY 

ATTN:  DOCS  CONT  CULTURAL  ED  CTR 

NEW  YORK  STATE  UNIV  AT  STONY  BROOK 
ATTN:  MAIN  LIB  DOCS  SECTION 

NEW  YORK  STATE  UNIV  COL  AT  CORTLAND 
ATTN:  LIBRARIAN 

NEW  YORK  STATE  UNIV  OF 

ATTN:  LIBRARY  DOCS  SEC 

NEW  YORK  STATE  UNIV  OF 
ATTN:  LIBRARIAN 

NEW  YORK  STATE  UNIVERSITY 

ATTN:  DOCUMENTS  CENTER 

NEW  YORK  STATE  UNIVERSITY  OF 
ATTN:  DOCUMENTS  DEPT 

NEW  YORK  UNIVERSITY  LIBRARY 
ATTN:  DOCUMENTS  DEPT 

NEWARK  FREE  LIBRARY 

ATTN:  LIBRARIAN 


NEWARK  PUBLIC  LIBRARY 
ATTN:  LIBRARIAN 

NIAGARA  FALLS  PUB  LIB 
ATTN:  LIBRARIAN 

NICHOLLS  STATE  UNIV  LIBRARY 
ATTN:  DOCS  DIV 

NIEVES  M  FLORES  MEMORIAL  LIB 
ATTN:  LIBRARIAN 

NORFOLK  PUBLIC  LIBRARY 
ATTN:  R  PARKER 

NORTH  CAROLINA  AGRI  &  TECH  STATE  UNIV 
ATTN:  LIBRARIAN 

NORTH  CAROLINA  AT  CHARLOTTE  UNIV  OF 
ATTN:  ATKINS  LIB  DOCS  DEPT 

NORTH  CAROLINA  AT  GREENSBORO  UNIV  LIB 
ATTN:  LIBRARIAN 

NORTH  CAROLINA  CEN  UNIVERSITY 
ATTN:  LIBRARIAN 

NORTH  CAROLINA  STATE  UNIVERSITY 
ATTN:  LIBRARIAN 

NORTH  CAROLINA  UNIV  AT  WILMINGTON 
ATTN:  LIBRARIAN 

NORTH  CAROLINA,  UNIVERSITY 

ATTN:  BA  SS  DIVISION  DOCS 

NORTH  DAKOTA  STATE  UNIVERSITY  LIB 
ATTN:  DOCS  LIBRARIAN 

NORTH  DAKOTA  UNIVERSITY  OF 
ATTN:  LIBRARIAN 

NORTH  GEORGIA  COLLEGE 
ATTN:  LIBRARIAN 

NORTH  TEXAS  STATE  UNIV  LIBRARY 
ATTN:  LIBRARIAN 

NORTHEAST  MO  STATE  UNIVERSITY 
ATTN:  LIBRARIAN 

NORTHEASTERN  ILLIONOIS  UNIVERSITY 
ATTN:  LIBRARY 

NORTHEASTERN  OAKLAHOMA  STATE  UNIV 
ATTN:  LIBRARIAN 

NORTHEASTERN  UNIVERSITY 

ATTN:  DODGE  LIBRARY 


OIRECTORY  OF  OTHER  (CONTINUED) 

NORTHERN  ARIZONA  UNIVERSITY  LIB 

ATTN:  GOVT  DOCUMENTS  DEPT 

NORTHERN  ILLINOIS  UNIVERSITY 
ATTN:  LIBRARIAN 

NORTHERN  IOWA  UNIVERSITY 
ATTN:  LIBRARY 

NORTHERN  MICHIGAN  UNIV 
ATTN:  DOCUMENTS 

NORTHERN  MONTANA  COLLEGE  LIBRARY 
ATTN:  LIBRARIAN 

NORTHWESTERN  MICHIGAN  COLLEGE 
ATTN:  LIBRARIAN 

NORTHWESTERN  STATE  UNIV 
ATTN:  LIBRARIAN 

NORTHWESTERN  STATE  UNIV  LIBRARY 
ATTN:  LIBRARIAN 

NORTHWESTERN  UNIVERSITY  LIB 
ATTN:  GOVT  PUBS  OEPT 

NORWALK  PUBLIC  LIBRARY 
ATTN:  LIBRARIAN 

NOTRE  DAME,  UNIVERSITY  OF 

ATTN:  DOCUMENT  CENTER 

OAKLAND  COMM  COLLEGE 
ATTN:  LIBRARIAN 

OAKLAND  PUBLIC  LIBRARY 
ATTN:  LIBRARIAN 

OBERLIN  COLLEGE  LIBRARY 
ATTN:  LIBRARIAN 

OCEAN  COUNTY  COLLEGE 
ATTN:  LIBRARIAN 

OHIO  STATE  UNIVERSITY 

ATTN:  LIBRARIES  DOCS  DIV 

OHIO  UNIVERSITY  LIBRARY 
ATTN:  DOCS  DEPT 

OKLAHOMA  CITY  UNIV  LIBRARY 
ATTN  LIBRARIAN 

OKLAHOMA  CITY  UNIV  LIBRARY 
ATTN:  LIBRARIAN 

OKLAHOMA  DEPT  OF  LIBS 

ATTN:  U  S  GOVT  DOCUMENTS 


OKLAHOMA  UNIVERSITY  LIBRARY 

ATTN:  GOVT  DOC  COLLECTION 

OLD  DOMINION  UNIVERSITY 

ATTN:  DOC  DEPT  UNIV  LIBRARY 

OLIVET  COLLEGE  LIBRARY 
ATTN:  LIBRARIAN 

OMAHA  PUB  LIB  CLARK  BRANCH 
ATTN:  LIBRARIAN 

OREGON  STATE  LIBRARY 
ATTN:  LIBRARIAN 

OREGON,  UNIVERSITY  OF 

ATTN:  DOCUMENTS  SECTION 

OUACHITA  BAPTIST  UNIVERSITY 
ATTN:  LIBRARIAN 

PAN  AMERICAN  UNIVERSITY  LIBRARY 
ATTN.  LIBRARIAN 

PASSAIC  PUBLIC  LIBRARY 
ATTN:  LIBRARIAN 

PAUL  KLAPPER  LIBRARY 

ATTN:  DOCUMENTS  DEPT 

PENNSYLVANIA  STATE  LIBRARY 

ATTN:  GOVT  PUBS  SECTION 

PENNSYLVANIA  STATE  UNIVERSITY 

ATTN:  LIBRARY  DOCUMENT  SEC 

PENNSYLVANIA,  UNIVERSITY  OF 

ATTN:  DIRECTOR  OF  LIBRARIES 

PENROSE  LIBRARY 

ATTN:  PENROSE  LIBRARY 

PEORIA  PUBLIC  LIBRARY 

ATTN:  BUS  SCI  &  TECH  DEPT 

PHILADELPHIA  FREE  LIB  OF 

ATTN:  GOVT  PUBS  DEPT 

PHILIPSBURG  FREE  PUBLIC 
ATTN:  LIBRARY 

PHOENIX  PUBLIC  LIBRARY 

ATTN:  GOVT  DOC  DEPT 

PITTSBURG  UNIVERSITY  OF 

ATTN:  DOCS  OFFICE  G  8 

PLAINFIELD  PUBLIC  LIBRARY 

ATTN:  GOVT  DOC  DEPT 


DIRECTORY  OF  OTHER  (CONTINUED) 


POPULAR  CREEK  PUBLIC  LIB  DISTRICT 
ATTN:  XXXXX 

PORTLAND  LIBRARY  ASSOC  OF 
ATTN:  GOVT  DOC  DEPT 

PORTLAND  PUBLIC  LIBRARY 

ATTN:  GOVT  DOC  DEPT 

PORTLAND  STATE  UNIV  LIB 

ATTN  GOVT  DOC  DEPT 

PRESCOTT  MEMORIAL  LIB 

ATTN:  GOVT  DOC  DEPT 

PRINCETON  UNIVERSITY  LIBRARY 

ATTN:  DOCUMENTS  DIVISION 

PROVIDENCE  COLLEGE 

ATTN:  PHYSICS  DEPT 

PROVIDENCE  PUBLIC  LIBRARY 
ATTN:  GOVT  DOC  DEPT 

PUBLIC  LIB  CINCINNATI  &  HAMILTON  COUNTY 
ATTN:  LIBRARIAN 

PUBLIC  LIBRARY  OF  NASHVILLE 
ATTN  XXXXX 

PUERTO  RICO  UNIVERSITY  OF 

ATTN  DOC  &  MAPS  ROOM 

PURDUE  UNIVERSITY  LIBRARY 
ATTN  GOVT  DOC  DEPT 

QUINEBAUG  VALLEY  COMMUNITY  COl 
ATTN  GOVT  DOC  DEPT 

RALPH  BROWN  DRAUGHON  LIB 

ATTN  MICROFORMS  &  DOCS  OEPT 

RAPID  CITY  PUBLIC  ulBRARY 
ATTN  LIBRARIAN 

READING  PUBLIC  LIBRARY 
ATTN  LIBRARIAN 

REED  COLLEGE  LIBRARY 

ATTN  GOVT  DOC  DEPT 

REESE  LIBRARY 

ATTN  GOVT  DOC  DEPT 

RHODE  ISLAND  LIBRARY  UNIVERSITY  OF 
ATTN  GOVT  PUBS  OFFICE 

RHODE  ISLAND.  UNIVERSITY  OF 

ATTN  DIRECTOR  OF  LIBRARIES 


RICE  UNIVERSITY 

ATTN:  DIRECTOR  OF  LIBRARIES 

RICHARD  W  NORTON  MEM  LIB 
£TTN:  GOVT  DOC  DEPT 

RICHLAND  COUNTY  PUB  LIB 

ATTN:  GOVT  DOC  DEPT 

RICHMOND,  UNIVERSITY  OF 
ATTN:  LIBRARY 

RIVERSIDE  PUBLIC  LIBRARY 

ATTN:  GOVT  DOC  DEPT 

ROCHESTER  UNIV  OF  LIB 

ATTN:  DOCUMENTS  SECTION 

RUTGERS  CAMDEN  LIBRARY  UNIV 
ATTN:  GOVT  DOC  DEPT 

RUTGERS  THE  STATE  UNIVERSITY 
ATTN  XXXXX 

RUTGERS  UNIVERSITY 

ATTN  GOV  DOCUMENTS  DEPT. 

RUTGERS  UNIVERSITY  LAW  LIBRARY 

ATTN  FED  DOCUMENTS  DEPT 

SALEM  COLLEGE  LIBRARY 

ATTN  GOVT  DOC  DEPT 

SAMFORD  UNIVERSITY 

ATTN  GOVT  DOC  DEPT 

SAN  ANTONIO  PUBLIC  LIBRARY 

ATTN  BUS  SCIENCE  &  TECH  DEPT 

SAN  DIEGO  COUNTY  LIBRARY 

ATTN  C  JONES  ACQUISITIONS 

SAN  DIEGO  PUBLIC  LIBRARY 

ATTN  GOVT  DOC  DEPT 

SAN  DIEGO  STATE  UNIV  LIB 

ATTN  GOVT  PUBS  DEPT 

SAN  FRANCISCO  PUBLIC  LIBRARY 

ATTN  GOVT  DOCUMENTS  DEPT 

SAN  FRANCISCO  STATE  COLLEGE 

ATTN  GOVT  PUBS  COLLECTION 

SAN  JOSE  STATE  COLLEGE  LIBRARY 
ATTN  DOCUMENTS  DEPT 

SAN  LUIS  OBISPO  CITY  COUNTY  LIBRARY 
ATTN  GOVT  DOC  DEPT 

SAVANNAH  PUB  &  EFFINGHAM  LIBTY  REG  LIB 
ATTN  GOVT  DOC  DEPT 


DIRECTORY  OF  OTHER  (CONTINUED) 


SOUTHEAST  MISSOURI  STATE  UNIVERSITY 
ATTN:  GOVT  DOC  DEPT 


SCOTTSBLUFF  PUBLIC  LIBRARY 
ATTN:  LIBRARIAN 

SCRANTON  PUBLIC  LIBRARY 
ATTN:  LIBRARIAN 

SEATTLE  PUBLIC  LIBRARY 

ATTN:  REF  DOCUMENTS  ASST 

SELBY  PUBLIC  LIBRARY 

ATTN:  GOVT  DOC  DEPT 

SHAWNEE  LIBRARY  SYSTEM 

ATTN:  GOVT  DOC  DEPT 

SHREVE  MEMORIAL  LIBRARY 

ATTN:  GOVT  DOC  DEPT 

SILAS  BRONSON  PUBLIC  LIBRARY 
ATTN:  LIBRARIAN 

SIMON  SCHWOBMEM  LIB 
ATTN:  LIBRARIAN 

SIOUX  CITY  PUBLIC  LIBRARY 
ATTN:  LIBRARIAN 

SKIDMORE  COLLEGE 

ATTN  GOVT  DOC  DEPT 

SLIPPERY  ROCK  STATE  COLLEGE  LIBRARY 
ATTN:  GOVT  DOC  DEPT 

SOUTH  CAROLINA  STATE  LIBRARY 
ATTN  GOVT  DOC  DEPT 

SOUTH  CAROLINA  UNIVERSITY  OF 
ATTN:  XXXXX 

SOUTH  CAROLINA,  UNIVERSITY  OF 
ATTN  GOVS  DOCUMENTS 

SOUTH  DAKOTA  SCH  OF  MINES  &  TECH  LIB 
ATTN:  GOVT  DOC  DEPT 

SOUTH  DAKOTA  STATE  LIBRARY 
ATTN:  FED  DOCS  DEPT 


SOUTHEASTERN  MASSACHUSETTS  UNIV  LIB 
ATTN:  DOCUMENTS  SEC 

SOUTHERN  ALABAMA,  UNIVERSITY  OF 
ATTN:  LIBRARIAN 

SOUTHERN  CALIFORNIA  UNIV  LIBRARY 
ATTN:  DOCS  DEPARTMENT 

SOUTHERN  CONNECTICUT  STATE  COLLEGE 
ATTN:  LIBRARY 

SOUTHERN  ILLINOIS  UNIVERSITY 
ATTN:  GOVT  DOC  DEPT 

SOUTHERN  ILLINOIS  UNIVERSITY 
ATTN:  DOCUMENTS  CTR 

SOUTHERN  METHODIST  UNIVERSITY 
ATTN:  XXXXX 

SOUTHERN  MISSISSIPPI  UNIV  OF 
ATTN  LIBRARY 

SOUTHERN  OREGON  COLLEGE 
ATTN:  LIBRARY 

SOUTHERN  UNIV  IN  NEW  ORLEANS  LIBRARY 
ATTN  GOVT  DOC  DEPT 

SOUTHERN  UTAH  STATE  COLLEGE  LIBRARY 
ATTN:  DOCUMENTS  DEPARTMENT 

SOUTHWEST  MISSOURI  STATE  COLLEGE 
ATTN  LIBRARY 

SOUTHWESTERN  UNIV  OF 

ATTN:  GOVT  DOC  DEPT 

SOUTHWESTERN  UNIVERSITY 
ATTN  GOVT  DOC  DEPT 

SPOKANE  PUBLIC  LIBRARY 

ATTN:  REFERENCE  DEPT 

SPRINGFIELD  CITY  LIBRARY 

ATTN  DOCUMENTS  SECTION 


SOUTH  DAKOTA,  UNIVERSITY  OF 

ATTN:  DOCS  LIBRARIAN  ST  BONAVENTURE  UNIVERSITY 

ATTN:  GOVT  DOC  DEPT 

SOUTH  FLORIDA  UNIVERSITY  LIBRARY 

ATTN:  GOVT  DOC  DEPT  ST  JOSEPH  PUBLIC  LIBRARY 

ATTN:  GOVT  DOC  DEPT 

SOUTHDALE  HENNEPIN  AREA  LIBRARY 

ATTN:  GOVT  DOCUMENTS  ST  LAWRENCE  UNIVERSITY 

ATTN  GOVT  DOC  DEPT 


DIRECTORY  OF  OTHER  (CONTINUED) 

ST  LOUIS  PUBLIC  LIBRARY 

ATTN  GOVT  DOC  DEPT 

ST  PAUL  PUBLIC  LIBRARY 

ATTN:  GOVT  DOC  DEPT 

STANFORD  UNIVERSITY  LIBRARY 
ATTN:  GOVT  DOC  DEPT 

STATE  HISTORICAL  SOC  LIB 

ATTN:  DOCS  SERIALS  SECTION 

STATE  LIBR  OF  MASS 

ATTN:  LIBRARIAN 

STATE  LIBRARY  OF  OHIO 
ATTN:  LIBRARIAN 

STATE  UNIV  OF  NEW  YORK 

ATTN:  GOVT  DOC  DEPT 

STETSON  UNIV 

ATTN  GOVT  DOC  DEPT 

STEUBENVILLE  UNIVERSITY  OF 
ATTN:  GOVT  DOC  DEPT 

STOCKTON  &  SAN  JOAQUIN  PUBLIC  LIB 
ATTN:  GOVT  DOC  DEPT 

STOCKTON  STATE  COLLEGE  LIBRARY 
ATTN:  GOVT  DOC  DEPT 

SUPERIOR  PUBLIC  LIBRARY 

ATTN:  GOVT  DOC  DEPT 

SWARTHMORE  COLLEGE  LIB 

ATTN:  REFERENCE  DEPT 

SYRACUSE  UNIVERSITY  LIBRARY 
ATTN:  DOCUMENTS  DIV 

TACOMA  PUBLIC  LIBRARY 
ATTN  LIBRARIAN 

TAMPA.  HILLSBOROUGH  COUNTY  PUBLIC  LIB 
ATTN:  GOVT  DOC  DEPT 

TEMPLE  UNIVERSITY 

ATTN:  GOVT  DOC  DEPT 

TENNESSEE  TECHNOLOGICAL  UNIVERSITY 
ATTN  GOVT  DOC  DEPT 

TERTELING  LIBRARY 

ATTN:  GOVT  DOC  DEPT 


TEXAS  AT  ARLINGTON  UNIVERSITY  OF 
ATTN:  LIBRARY  DOCUMENTS 

TEXAS  AT  SAN  ANTONIO  UNIV  OF 
ATTN:  LIBRARY 

TEXAS  CHRISTIAN  UNIV 

ATTN:  GOVT  DOC  DEPT 

TEXAS  STATE  LIBRARY 

ATTN:  US  DOCUMENTS  SECTION 

TEXAS  TECH  UNIVERSITY  LIBRARY 

ATTN:  GOVT  DOCUMENTS  DEPT 

TEXAS  UNIV  AT  AUSTIN 

ATTN:  DOCUMENTS  COLL 

TEXAS  UNIVERSITY  AT  EL  PASO 

ATTN:  DOCUMENTS  AND  MAPS  LIB 

TOLEDO  LIBRARY  UNIV  OF 

ATTN  GOVT  DOC  DEPT 

TOLEDO  PUBLIC  LIBRARY 

ATTN:  SOCIAL  SCIENCE  DEPT 

TORRANCE  CIVIC  CENTER  LIBRARY 
ATTN:  XXXXX 

TRAVERSE  CITY  PUBLIC  LIBRARY 
ATTN:  XXXXX 

TRENTON  FREE  PUBLIC  LIBRARY 
ATTN:  XXXXX 

TRINITY  COLLEGE  LIBRARY 
ATTN:  XXXXX 

TRINITY  UNIVERSITY  LIBRARY 

ATTN:  DOCS  COLLECTION 

TUFTS  UNIVERSITY  LIBRARY 

ATTN:  DOCUMENTS  DEPT 

TULANE  UNIVERSITY 

ATTN:  DOCUMENTS  DEPT 

TULSA  UNIVERSITY,  OF 

ATTN:  LIBRARIAN 

UCLA  RESEARCH  LIBRARY 

ATTN:  PUB  AFFAIRS  SVC/US  DOCS 

UNIFORMED  SVCS  UNIV  OF  THE  HLTH  SCI 
ATTN  LRC  LIBRARY 

UNIVERSITY  LIBRARIES 

ATTN  DIRECTOR  OF  LIBRAR'E 


TEXAS  A  &  M  UNIVERSITY  LIBRARY 
ATTN  GOVT  DOC  DEPT 


v: 


.VC 


DIRECTORY  OF  OTHER  (CONTINUED) 


UPPER  IOWA  COLLEGE 

ATTN:  DOCUMENTS  COLLECTION 


UTAH  STATE  UNIVERSITY 
ATTN  LIBRARIAN 


UTAH.  UNIVERSITY  OF 

ATTN.  SPECIAL  COLLECTIONS 


UTAH.  UNIVERSITY  OF 

ATTN  DEPT  OF  PHARMACOLOGY 
ATTN:  DIRECTOR  OF  LIBRARIES 


VALENCIA  LIBRARY 

ATTN:  XXXXX 


VANDERBILT  UNIVERSITY  LIBRARY 

ATTN:  GOVT  DOCUMENTS  SECTION 


VERMONT,  UNIVERSITY  OF 

ATTN:  DIRECTOR  OF  LIBRARIES 


VIRGINIA  COMMONWEALTH  UNIV 
ATTN  GOVT  DOC  DEPT 


VIRGINIA  MILITARY  INSTITUTE 
ATTN:  GOVT  DOC  DEPT 


VIRGINIA  POLYTECHNIC  INST  LIB 
ATTN:  DOCS  DEPT 


VIRGINIA  STATE  LIBRARY 

ATTN:  SERIALS  SECTION 


VIRGINIA.  UNIVERSITY  OF 

ATTN:  PUBLIC  DOCUMENTS 


VOLUSIA  COUNTY  PUBLIC  LIBRARIES 
ATTN  GOVT  DOC  DEPT 


WAGNER  COLLEGE 

ATTN:  LIBRARIAN 


WASHINGTON  STATE  LIBRARY 

ATTN:  DOCUMENTS  SECTION 


WASHINGTON  STATE  UNIV 

ATTN:  LIB  DOCS  SECTION 


WASHINGTON  UNIVERSITY  LIBRARIES  FM-25 
ATTN  DIRECTOR  OF  LIBRARIES 


WASHINGTON  UNIVERSITY  OF 

ATTN  DOCUMENTS  DIV 


WAYNE  STATE  UNIV  LIBRARY 

ATTN  GOVT  DOC  DEPT 


WAYNE  STATE  UNIVERSITY  LAW  LIBRARY 
ATTN  DOCUMENTS  DEPT 
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WEBER  STATE  COLLEGE  LIBRARY 
ATTN.  GOVT  DOC  DEPT 


WESLEYAN  UNIVERSITY 

ATTN:  DOCUMENTS  LIBRARIAN 


WEST  CHESTER  STATE  COLL 

ATTN  DOCUMENTS  DEPT 


WEST  COVINA  LIBRARY 

ATTN:  GOVT  DOC  DEPT 


WEST  FLORIDA,  UNIVERSITY  OF 
ATTN:  GOVT  DOC  DEPT 


WEST  HILLS  COMMUNITY  COLL 
ATTN:  LIBRARY 


WEST  TEXAS  STATE  UNIVERSITY 
ATTN:  LIBRARY 


WEST  VIRGINIA  COLL  OF  GRAD  STUDIES  LIB 
ATTN:  GOVT  DOC  DEPT 


WEST  VIRGINIA,  UNIVERSITY  OF 

ATTN:  DIR  LIBRARIES  REGIONAL 


WESTERLY  PUBLIC  LIBRARY 

ATTN:  GOVT  DOC  DEPT 


WESTERN  CAROLINA  UNIVERSITY 
ATTN  GOVT  DOC  DEPT 


WESTERN  ILLINOIS  UNIVERSITY  LIB 
ATTN:  XXXXX 


WESTERN  WASHINGTON  UNIV 
ATTN:  GOVT  DOC  DEPT 


WESTERN  WYOMING  COMMUNITY  COLLEGE  LIB 
ATTN:  XXXXX 


WESTMORELAND  CTY  COMM  COLL 

ATTN:  LEARNING  RESOURCE  CTR 


WHITMAN  COLLEGE 

ATTN:  GOVT  DOC  DEPT 


WICHITA  STATE  UNIV  LIBRARY 
ATTN:  GOVT  DOC  DEPT 


WILLIAM  &  MARY  COLLEGE 
ATTN  DOCS  DEPT 


WILLIAM  ALLEN  WHITE  LIBR 

ATTN:  GOVT  DOCUMENTS  DIV 


WILLIAM  COLLEGE  LIBRARY 
ATTN  XXXXX 


DIRECTORY  OF  OTHER  (CONTINUED) 

WILLIAMANTIC  PUBLIC  LIBRARY 
ATTN:  GOVT  DOC  DEPT 

WINTHROP  COLLEGE 

ATTN:  DOCUMENTS  DEPT 

WISCONSIN  AT  WHITEWATER  UNIVERSTIY  OF 
ATTN:  GOVT  DOC  LIBRARY 

WISCONSIN  MILWAUKEE  UNIVERSITY 
ATTN:  XXXXX 

WISCONSIN  OSHKOSH  UNIVERSITY 
ATTN:  GOVT  DOC  DEPT 

WISCONSIN  PLATTEVILLE  UNIVERSITY 
ATTN:  GOVT  DOC  DEPT 

WISCONSIN  UNIV  AT  STEVENS  POINT 
ATTN  DOCS  SECTION 

WISCONSIN  UNIVERSITY  OF 

ATTN:  GOVT  PUBS  DEPT 


WISCONSIN,  UNIVERSITY  OF 

ATTN:  ACQUISITIONS  DEPT 

WORCESTER  PUBLIC  LIBRARY 
ATTN:  LIBRARIAN 

WRIGHT  STATE  UNIV  LIBRARY 

ATTN:  GOVTS  DOCUMENTS  DEPT 

WYOMING  STATE  LIBRARY 

ATTN:  GOVT  DOC  DEPT 

WYOMING  UNIVERSITY  OF 
ATTN:  DOCS  DIV 

YALE  UNIVERSITY 

ATTN:  DIRECTOR  OF  LIBRARIES 

YESHIVA  UNIVERSITY 

ATTN:  GOVT  DOC  DEPT 

YUMA  CITY  COUNTY  LIBRARY 
ATTN:  GOVT  DOC  DEPT 


